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W Search
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BEAFEANETICRETILETOALTHETRERET.

FEER EPER oy e H—FRAEE) -
Student - Year of & & l b - - Junior Board " h’l.
Course Name Supervisor Advisor - Board committee
number enrollment committee
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X2 : WHREBRI VT ONEABRH—Y 0 A0 A,

I WEHELNEEBEE Research plan and Research progress report

HRHE

(A) BFRESALFRETORERED BCS-BEC 404 —/ 1 —fEIcEH 2B FRAOERIEE
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£ BEFRITAORATFRES SRR ERLIYANE ETEEALEL. BCS BITIRERNBIE (—HFRE) LEERE (Cooper 3
DEE) EAEREhAHOIZHL . BEC BITIERNRE - REARME (REEORE) F—8T 5. COELA BCS-BEC J0RF ——fRETE
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FITLZEH) OBBMHRAr— L TROPNBKEENS_EOTESEWNLFEATHS. ChFIKRETHAOEREMETHY. BEHECE
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TGP FEAZAVEESE~OEBPHESL. ChICHRESEOHRESZEL BAG FEAEBLILATES-OD. Bohd BIG FER
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FHZILLT RAALH Y —R— FEB K L T, KFEFEAEDOHE O MR 2 ke 12 H
SFOBIE L CWEELS KR ZRITHZENAEEE 2D F LT,
ﬁ%ﬁi%§$¢0®y7bii7ziéﬁgwﬁﬁﬁ?@ﬁbibkﬁpﬁﬁmm
FERET DD LoD LEV AT ANRKLELDZ LT ITHOREREZ b & Io ik
%&w\%Kéﬁ?%?yLOEcmzwamquVXTA@y7%?i?ﬁﬁ%%
@Libko:@%vfoziéfﬁ%%ﬁﬁﬁw%Jwﬁmi Wkl 943 HR
LVBItELE LT, B IIVT DY AT KON TLLFIZHEA LT 47,
if&i??ﬂé&ﬁﬁéﬂ“b“(b\éﬁﬁ%fﬂ%/\~‘/7ﬁ>%%“(b\% F9, BEAR—U~E A =2
TTATDR—LNX—=VEVADLZENTEET, ZORYON—VFEK 2D X 927
STWT, HEBHFROFPEO—EN, IHEBE R EOFHE LBV A NT v 7S
NTWET, 2OV R NDAFIOEH 3 %E 7 Vv 7T 5H&, %h%nw%iﬂﬂﬁbtﬁﬁ
ZeEtE L AFsERE R ) & TAFZE3ER GRsC. B, ZH. TA - RAOFERER E) ) &

Research Achievements (article, presentation, receiving prize, TA / RA)

I AEEMGAK, WK, 2R, TA-RAOEMEY)

TRRR

[paper]

1) M. Takahashi, T. Mizushima, M. Ichioka, and K. Machida,

"Vortex-Core Structure in Neutral Fermion Super fluids with Population imbalance”,
Physical Review Letters 97, 180407 (2006).

2) M. Takahashi, M. Mizushima, K. Machida, and M. Ichioka,

"Visibility of Vortex Core in Fermionic Superfluid with Population Imbalance”,
Journal of Low Temperature Physics, in press (2006).

3) M. Takahashi, Sankalpa Ghosh, T. Mizushima, and K. Machida,

"Spinor dipolar Bose-Einstein condensates; Classical spin approach”,

Physical Review Letters 98, 260403 (2007).

4) Sigks,

"HTHA A\ ATOPHIoLIBRBEICETLIETROMRE",

Bussei Kenkyu (Kyoto) 88 (2007), 592.

5) M. Takahashi, Sankalpa Ghosh, T. Mizushima, and K. Machida,

"Spinor dipolar Bose-Einstein condensates approaching from classical spin limit",
Journal of the Korean Physical Society, in press (2007).

[presentaion]

1) SiEEH 1, BTE—M 1, BEHEE 2, EXE—"3, THZ 4, BMEE"5, BHEM"3,

1 ELKEEE R, 2 RAMES, 3 SPring-8/H, 4 BAMET, 5 WARE,

"TAE A IILAFR CuGeO_3 DAEERMODAETLDRE LT DHERRIMIR",
BEMEFS2005FFE RS, 21pPSB-11, EFE#HKXEFr/ R (FADLT) 2005 £9 A 19-22 8

2) M. Takahashi, T. Mizushima, K. Machida, and M. Ichioka,

"Visibility of Vortex Core in Fermionic Superfluid with Population Imbalance",
International Symposium on Quantum Fluids and Solids (QFS2006),
HEAAFEEFEE SRR (i) 2000 £ 8 A 1-6 A (poster)

(i)

[award]

1) ME2HEE )FE, MLXFZAFREARFHER, 2007 £3 A

Q) MELRXRFESRFERIZE, BILUXZRAFREATFHER, 2007 £3 A

3) FTAAPPS Poster Award: Springer Prize for the Best Presentation at APPC10% %,
APPC10, 2007 £ 8 A

[TA/RA]

2005 FE TA
2006 FE TA
2007 F£E TA

4. WIFRE BN VT D HFFEERE O REHRUE] (PR 2B D)
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IRBHEIFERHNC B W TR 19 FE LY | BRI T Iy - Av kY
YT e VAT APRHASHE LT, THIKEEDOE A X —/BICRRAT H2/E O 4L
TTIN BB RARY —DROICKRFEBAENERREHE LT >R bED b LR A
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Development Record
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Student’s Record List
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J

J
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5. #fF

. ___________________________________________________|
RILKPZXRLREEAHPHRR LEEREPEL (NES- WP BB P)

ST Division of Frontier and Fundamental Sciences,Graduate School
of Natural Science and Technology,OKAYAMA University

i)
)

+2007/03/14 B HEZAHMEMLELS:. / Masatoshi Oka has updats & reco
-235?.-'03.-"_5 M&&n‘]&hul.?&
+2007/06/1 12 ] EHMEANRELE
/25 B _EIEEAAGEMLEL
-235.-.-11.-'29 25 HeEontEmnLE
-2007/11/16 Bl WEEAHGBMOLE suke Aszyama
-2007/11/29 £ HEAZAHRELEL. / Kazuski Mata

‘ HI-T—K Student's Record List

i £ EfBHA R
Student number Name Supervisor Operation
B hiE R £E Ex
51418101 Masatoshi Oka Masaneri Ichioka View Edit
51419103 &5 1% w EE BE .
Kazuaki Matano Guo-ging Zheng View Edit
51419105 iR T ETEH —H BE Ew BB
Masahiro Takahashi Kazushige Machida View Edit Delet

REBRAINT DATIX—=V DAY O (BREDOHRZT 7 & AHIR)
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LTEY ., RERE~OIEFEDHEIL - LA B E LTWET, JelmiafEpts
BB TIE, (MEEBRINT ] DIDT AT Iv T v r s 25
LEFNDHELRoTVET,

(FSEE BRI N7 ] OEBIZOWTOMEIL, 1LY BREFICEHMICEDbA L
LIERNEOFRHZANLTHEL I RICHD T, DOOWEFHNHY NHIZR>TLE
IEMMRH Y T OT, WNTORARNE T =y 7 THHYBEZLE, LT ALE
BTSN - A7 N LT, SEAZRRET L O REESLEIC2 Y £9, ARE
FWRBOT HT I v 7 7wV T REARAL—HEBTTOT, L &b il

I FEHEsFREASE Research plan and Research progress report

2007/05/09 % Student
Hi® T Masahiro Takahashi)

(A) RFAEFFAERETORMERED BCS-BEC YOAF —N—HHKIZETLHRFAOREED
PAER. F—ARARICENT, EFO20AF— —H@RIZENT, RHTRE (—HTEBE)
FOYRACRRMERICLORAEDHOREHTETS. ChiZRPA (Random Phase Approximation:

AL R ELSREEEERO — DO EEMLS.

#EIE Revision BB Deletion

BEC BT BRFRAOTILEE—F (BREME—F) LFIThIBEE—FFEESA TS Ch
F. ArCOHERMCHT IRFROEWNS. O—L2 Y AERITEERICENTI20THS. 2O
BEC SITHSN TSRO Y LELE—F (SIERWE—F) 4 BCS TREIGIONMIE, RTHIT
AORRFREL ERFHSNELEY Ahi- b TEBLEL, Bos MTIRERNEE (—HTERE)
EREENE (Cooper HOREE) £AEREhE0IZHL . BEC BiTXERNRELRERE (ERiED

I FRENRE Advisory record

2007/10/18 FHALA Supervisor

HTE —§(Kazushige Machida) B Revisian MIRR Deletion

BEBECCET, MRS LR L EOEREDLITTE . FhELEIILT

RECHERIEE. MERECASTHGE, RiEDdipole gasDBRE

M0 Addition | HEIFETEEY, —FT. SRIFMDI-TRET HIZWT ET—TE
BLZLET>TLS. MEREICA-TEEORE. R LEAREAIC
LT

2008/02/13 THEAHA Supervisor

1E Rewisi Deleti
HTE —@(Kazushige Machida) i — BII Delticn

RSB BN, 2X. TA-RAOEMTZE)
Research Achievements (article, presentation, receiving prize, TA / RA)

2007/05/22 $4% Student

W& 48 (Masahiro Takahashi) BEIE Revision MIkR Deletion

[paper]

1) M. Takahashi, T. Mizushima, M. Ichicka, and K. Machida,

"Wortex-Core Structure in Neutral Fermion Super fluids with Population imbalance",
Physical Review Letters 97, 180407 (2008).

2) M. Takahashi, M. Mizushima, K. Machida, and M. Ichicka,

“Wisibility of Vortex Core in Fermionic Superfluid with Population Imbalance”,
Journal of Low Temperature Physics, in press (2005).

3) M. Takahashi, Sankalpa Ghesh, T. Mizushima, and K. Machida,

"Spinor dipolar Bose-Einstein condensates; Classical spin approach”,

Phvsical Review Letters 98, 260403 (2007).

I a4+ Comments from board committee

X 6. BFFEEBRY VTR DS EDO AT HR—
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WZEDEBALE LEERRALEZDIERIZ)H > TWET,
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EHOZLHLOILTWET, 2Ok, LR, o L O LRI ICERTE
DR AE 2 M RICHFFERH I 2 fefl L 72 R 220 CEs L BT
& L TEIMIIEREBI ~ D URIE 2 T I SR 2 R 21T > TV ET, IRIEBRICITH
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RABATICOWTIZ AR & OFEIEE Lo 720 | REFZEEEDHFFE DO HEPRR DL
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R AT OV 1 9 4R i)

K4 AR URIBSE, YRIEHIH T IERRE
TR R FrEAALE=a— M) VEELEEEMOREIZD
[GR 7N 1 M2
7/22 = 9/9 WT
PRI I A2 A S C R A
x5 ® D1 R el 1 X 2 B SR O g
9/3~10/25
University of Rochester (USA) )
[ D1 R T RO i O BRI IR
11/12-12/8
Universite de Cergy —Pontoise —RITBEFAELVRIIBIIIEFHRE . = 2 LR
Bl %A D1
(77 R), 2008.1/10~2/5 ~
Mohammad Amir University of Dhaka (/X755
D1 U KIS 5 B IUACHUE & HiE
Hossain Bhuiyan v a), 2008.2/11~3/14

4). AERBRRKRDOIIE . FESMXE

ZOXBEEETIE, HOBRMREREE H T EFAEENRITRED L TEE~DOJRIEE
1TV, il L EREOREEZE L TV ET, IRBFZEICIIEFOREUSI O 2
= —va v EHRIEE B EMPICIT ) KO8R L, IRERICIIRREL EZDZFRTO
HEEINRIZOWT, PAEBIOREHENOHREELRHLTELWVET,
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SHEPRE T LR OEAE B EZ O TEM L TWET, REEOREICEBNTE £
I OREDLE LR - LR OPHBEREETT LB T a Ve EE
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RO 3HERHY £ LT,

55 25 [l H RFHEHIERELI AR L v R U T A REHF R A X —E

(D1 & 7HfD, 2007 4E7 A, &)
The 10th Asia Pacific Physics Conference NA %X —1EFHE

(DI i@ Hery, 2007 £ 8 A, #i[E)
Yamada Conference LXI The 8th International Conference on Spectroscopies in
Novel Superconductors ™A% —{EFHE

(M2 @722, 2007 48 A, &)

ZDHILD 2T, B IE. A=V T T 4 THEEOTFRFIREIZLDETSML
TbDTY, ZDOXIIT, AT b RFFAEDHTE « BRAFHHS N TVET,
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ETENE DRE DI EIT> TOET,

LRl FURE O 1 9 R EhESy

K4 AR g, I YA bV
BN ATy B A ER B R B A 2007 RS (FHE) Geochemistry and tectonic setting of gabbroic and
D3
K7 5/19 - 24 pyro— xenitic rocks from the southern Ashanti
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Petrology and geochemistry of Paleoproterozoic mafic-ultramafic bodies and associated
volcanic rocks in the southern part of the Ashanti greenstone belt, Ghana

B X
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gf_ 51417107 | 4 Dampare Samuel Boakye

RREEF

The southern Ashanti greenstone belt of Ghana forms part of the Paleoproterozoic (Birimian; ~2.1 Ga)
terrane of the Leo-Man shield of the West African craton (WAC). Volcano-plutonic rocks from the belt
have been studied petrologically, mineralogically, geochemically and isotopically with the aim of inferring
the tectonic setting in which they were formed, and also contribute meaningfully to the debate on the
geodynamic significance of the Birimian magmatism in WAC.

The Sm-Nd isotopic compositions and the trace element geochemical signatures of the metavolcanic
rocks, the granitoids and the ultramafic-mafic rocks from the southern Ashanti greenstone belt confirm the
Jjuvenile character of the Birimian crust as well as implicate a recycled Archean material component in the
genesis of some of the rocks.

The data, together with field relationships of the studied rocks, show that they were derived
through suprasubduction-related magmatism during the Paleoproterozoic.

MR TE DR :

The work he has done during the current school year 2007-2008 is quite satisfactory. He carried out
electron microprobe analyses on minerals, and Sr and Nd isotope analyses. On the basis of the results
derived from these analyses, he revealed the petrological and geochemical signature of the meta-igneous
rocks from the Ashanti greenstone belts. This is an invaluable contribution to our understanding of the
tectonic setting in which the Birimian magmatism took place. He presented a part of these results at the
2007 JGU annual meeting, and is also going to present at West African Exploration Workshop (Burkina
Faso) in November. His research results were well-received by fellow geologists attending the JGU
meeting.

SRUWETRER
As his Ph.D. study is approaching its closing stages, we expect him to devote continuing efforts toward
its successful completion, and thus to submit a well-written Ph.D. dissertation before the deadline. We also

expect him to publish more papers in peer-review journals on the results he obtained during the course of
his Ph.D. study in years ahead.
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Petrology and geochemistry of Paleoproterozoic mafic-ultramafic bodies and associated
volcanic rocks in the southern part of the Ashanti greenstone belt, Ghana

AR b

The Ashanti greenstone belt of Ghana forms part of the Paleoproterozoic (Birimian;
~2.1Ga) terrane of the Leo-Man shield of the West African craton. Despite its importance in
the appraisal of crustal growth of continents in the Earth’s history, the Brimian magmatism
has been surrounded with controversies, particularly with regards to its geodynamic setting.
Two main models have been emerged in recent years: plume versus arc-related magmatism.

The southern portion of the Paleoproterozoic Ashanti greenstone belt is characterized by
volcanic lobes, which are made up of basaltic flows, andesitic lavas and pyroclastic rocks,
and is intruded by granitoid suites and ultramafic-mafic rocks. Only limited literature exists
on the geochemistry of the metavolcanic rocks and the ultramafic-mafic rocks. Isotopic data
on the rocks are scarce, and the available data are mostly on the granitoids.

In order to resolve these problems, Mr. Dampare carried out geochemical and Nd isotope
analyses on the metavolcanics (basalt, basaltic andesite, and andesite), mafic to ultramafic
rocks (gabbro, pyroxenite, and peridotite) and granitoids from the southern Ashanti
greenstone belt of Ghana. On the basis of these data, he inferred the tectonic setting in
which they were formed. The arguments he made were rational and well-founded on the
data presented.

He concluded that the studied rocks from the Ashanti greenstone belt were not plume-generated, but
were derived through suprasubduction-related magmatism during the Paleoproterozoic. This contribution
would be an important addition to our understanding of the Brimian magmatism.

Mr. Dampare's work output has been very satisfactory and is certainly on course to graduate
in 2008.
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In this thesis the quantum phase diagram of the antiferromagnetic anisotropic S=1
(Haldane) chain in an external magnetic field is investigated using different theoretical
approaches. This is a problem of actual interest both theoretically (in the context of
quantum fluctuations and quantum phase transitions) and experimentally (related to
experiments on the 1D magnet NDMAP). Miyazaki-san presents a convincing description of
the effects which the two different chain systems existing in NDMAP in combination with
the single ion anisotropies have on spin order and phase transition lines. In particular we
now understand the so far unexplained phase transition at high fields as a transition where
reordering of the magnetic momenta forming the sublattice magnetization occurs. In
addition, the low energy excitations are calculated from an effective field theory and are
shown to result in a consistent picture.

The thesis solves a puzzle which existed for many years. Also, it demonstrates that the
author is able to learn and to apply important new theoretical methods, both numerical
(DMRG) and analytical (effective field theory). The presentation of the essential points
(behaviour of the magnetic moments with strength and direction of external field) is very
clear. There are some points which could have been added (e.g. a discussion of the first order
character of the transition using the free energy) but it is plausible that this could be hardly
expected in the limited time.

Supplementing the calculations related to the S=1 chain, Miyazaki-san did research on
magnetization plateaus in the anisotropic S=2 chain and on the valence transition in Eu.
The corresponding results also document Miyazaki-san’s ability to do high quality
independent research.

The thesis work of Miyasaki-san certainly fulfils all criteria for obtaining the doctor degree
which I am aware of.
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XAS study of insulator-metal transformation in Pr,¢Ca,4MnQO; and XRD
study of variant transformation in Fe;Pt under pulsed magnetic fields

7Z.W. OuyangA, Y.H. MatsudaA, H. NojiriA, T. InamiB, K. OhwadaB, M. TsubotaB,
T. Sakon®, T. Fukuda®, T. Kakeshita”, Y. Inada®, Y. Niwa®, T, Arima®

A Institute for Materials Research, Tohoku University, Sendai, 870-8577, Japan

B Synchrotron Radiation Research Center (SPring-8), Sayo, Hyogo, 679-5148, Japan

© Faculty of Engineering and Resource Science, Akita University, Akita City 010-8502, Japan

P Department of Materials Science and Engineering, Osaka University, Suita, Osaka 565-0871, Japan
¥ Photon Factory, High Energy Accelerator Research Organization, Oho, Tsukuba 305-0801, Japan

¥ Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Sendai 980-8577

In the ordered Fe;Pt alloy, field-induced rearrangement of the variants was observed directly for the
first time by pulsed magnetic fields x-ray diffraction. The variants with c-axis perpendicular to the
magnetic field are transformed into variants with c-axis nearly parallel to the magnetic field. The
results demonstrate the crucial importance of microscopic investigation, such as x-ray diffraction
analysis, of the martensitic transition. We also found that the magnetic-field-induced strain associated
with the rearrangement of the variants occurs even in a very fast sweeping pulsed field of up to
1.0x10° T/ s at 1 T. In Pry6Cap4MnO;, evolution of the Mn K-edge x-ray absorption near edge
structure under pulsed magnetic field has been investigated for the first time. Very small enhancement
of the absorption is detected across the magnetic-field-induced transition from the charge-ordered
insulator to ferromagnetic metal at 20 K. The significant correlation between the change in the
spectrum and the insulator-metal transition suggests that there is some modification of the electronic
state due to the change in the local lattice structure around the Mn ions that is significantly distorted in

the charge-ordered phase but nearly recovered in the ferromagnetic metal phase.
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Magnetic Properties of molecular oxygen adsorbed in
micro-porous metal-organic solids

A. Hori, T. Yamaguchi, T. C. Kobayashi, Y. Kubota®, A. Matsuo?, K. Kindo?,

M. Takata®, and S. Kitagawa*
Graduate School of Natural Science and Technology Okayama University
'Graduate School of Science, Osaka Prefecture University
“The Institute for Solid State Physics, Tokyo University
®Harima Institute SPring-8, RIKEN
“Department of Synthetic Chemistry and Biological Chemisitry, Kyoto University

Investigations have been made on the magnetic properties of O, adsorbed in
nanochannels of porous metal-organic solids Cuy(pzdc).(pyz): pzdc
=2,3-pyrazinedicarboxylate, pyz=pyrazine (CPL-1)[1] and Cu-cyclohexanedicarboxylic
acid (Cu-CHD)[2]. The magnetization process of adsorbed O, shows the
metamagnetic-like behavior in both compounds. We recently proposed “the
field-induced molecular-rearrangement mechanism” as an explanation for the
metamagnetic-like behavior.

It is widely accepted that the magnetic interaction which O,-O, dimer has
depends strongly on the intermolecular distance and mutual orientation of
molecular axes. It is naturally considered that the stable arrangement of O, with
saturated magnetic moment in a sufficient high field should be different from the
H-geometry with the singlet state, which is stable at zero field.

In this talk, we show our results on the arrangement of O, in the nanochannels
of CPL-1 and Cu-CHD, and on the magnetic properties of O, adsorbed in these
compounds.

0,/Cu=022
——o0/Cu=1.11

T=13K

. .
0 20 40 60
H ()

Fig.1: Three-dimensional MEM charge density of Fig.2: High-field magnetization process of
CCHD with the adsorption of oxygen. CCHD without and with O,.

[1] T. C. Kobayashi et al., Prog. Theor. Phys. Suppl. 159(2005)271.

[2] W. Mori, T. C. Kobayashi et al. Mol. Cryst. Lig. Cryst., 305(1997)499.
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Entanglement in One-dimensional
S=1/2 Quantum spin systems
The Graduate School of Natural Science and Technology, Okayama University,
Masataka Oko, Hiroshi Miyazaki, Isao Harada

A quantum entanglement is one of the most interesting features of quantum mechanics. It
is regarded as a resource for quantum information science, such as quantum computing and
quantum cryptography. Recently, it has been recognized that it plays an important role in the
study of low-dimensional quantum systems. In this study, we want to get some information
about the ground state of one-dimentional quantum spin systems from the entanglement point
of view. In order to quantify the entanglement, we adopt the Entanglement Entropy(EE) [1, 2]
defined by:

S(A) = —Tr(palog, pa), (1)

where p4 = Trp|Y) (1| is the reduced density matrix for partial system A which contains
continuous n spins. EE describes the entanglement between the partial system A and the rest
system B, defined as the von Neumann entropy.

Let us consider the S=1/2 XXZ spin chain with nearest-neighbor interaction [3]:
N
H = Z J(S755 + 57 S + ASTSE), (2)

which has already studied by using many kinds of theories, for example, the A = 0 XY model
[4] and the A = 1 Heisenberg model [5]. Now we obtain the ground state by the numerical
exact diagonalization method. Then we calculate the entanglement entropy from the reduced
density matrix of the ground state. EE of the ground state obeys a logarithmic scaling law

for critical chain for large n [1]:

S(n) = %0 + %logzn (3)

In this presentation, we show the concrete example of the entangled system and confirm
this scaling law (Eq.(3)) in order to discuss about quantum phase transitions.
1] G. idal, J. I. Latorre, E. Rico, and A. Kitaev, Phy . Rev. Lett. 90, ( )

]

] edral, M. B. Plenio, M. A. Rippin, and P. L. Knight, Phy . Rev. Lett. 78, (r )
| S. Takeda, K. Kubo, J. Phy . Soc. Jpn. 55 16 1(1 86)

4] E. Lieb, T. Schultz, D. Matti , Ann. Phy . 16 4 (1 61)

]

[
[
[
[
[] . A Bethe, Z. Phy .71 (1 1)
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Metal-Insulator Transition in Sodium Tungsten Bronze, Na,WQ; : An ARPES Study

S. Raj
Dept. of Physics, Tohoku University, Sendai 980-8578, Japan

The study of electronic structure of sodium tungsten bronzes, Na,WO; has
created tremendous interest because of their potential technological and fundamental
perspectives. The metal-insulator transition (MIT) observed as a function of x is one of
the most interesting electronic properties in Na,WO;. A high metallic conduction is
obtained for x > 0.25, while the system undergoes MIT with decreasing x. The structural
evolution of Na,WOs is also interesting to study, since it changes from monoclinic, to
orthorhombic, to tetragonal, and finally to cubic with increasing x.

The ARPES spectra taken in both insulating and metallic phases of Na,WOj3,
reveals the origin of MIT in this system.[1] The experimentally determined valence-
band structure has been compared with the results of pseudopotential band structure
calculation. It is found that in insulating Na,WOs3, the near Er states are localized
(Anderson localization) due to the strong disorder caused by the random distribution of
Na' ions in WOs3 lattice. While the presence of an impurity band (level) induced by Na
doping is often invoked to explain the insulating state found at low concentrations, there
is no signature of impurity band (level) found from our results. Due to this disorder and
Anderson localization effect, there is a long-range Coulomb interaction of conduction
electrons; as a result soft Coulomb gap arises and the density of states vanishes exactly
at Er.[2] In the metallic regime, we found that the rigid shift of band structure can
explain the metallic Na,WOs band structure with respect to Na doping. The linear
dispersion of the conduction band at Er explains the linear variation of thermodynamic
properties including the specific heat and magnetic susceptibility. We observed electron-
like Fermi surface (FS) at the I'(X) point as predicted from band calculation and the FS
gradually increases with increasing Na concentration due to W 5d t;, band filling. A
rigid shift of the Fermi energy is found to give a qualitatively good description of the

Fermi surface.[3]

References :

[1]S. Raj et al., Phys. Rev. B 75, 155116 (2007).
[2] S. Raj et al., Phys. Rev. Lett. 96, 147603 (2006).
[3] S. Raj et al., Phys. Rev. B 72, 125125 (2005).
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Synchrotron Photoemission Study
on the system of new unconventional superconductor

Rikiya Yoshida'

Collaborators: H. Okazaki," M. Tajima,* T. Muro,? I. Hase,* K. Okada,* H. Takeya,’
K.Hirata,* M. Hirai,' Y. Muraoka, > and T. Yokoya® >
The Graduate School of Natural Science and Technology, Okayama University, 3-1-1 Tsushimanaka, Okayama
700-8530, Japan
2Japan Synchrotron Radiation Research Institute (JASRI)/SPring-8, 1-1-1 Kouto, Sayo, Hyogo 679-5198, Japan
*Nanoel ectronics Research Institute, National Institute of Advanced Industrial Science and Technology, 1-1-4
Umezono, Tsukuba, Ibaraki 305-8568, Japan
“National Institute for Material Science, 1-2-1 Sengen, Tsukuba, Ibaraki 305-0047, Japan
°JST, CREST, 3-1-1 Tsushima-naka, Okayama 700-8530, Japan

While unconventional superconductors have been discussed in the context of, for example,
strongly correlad electron systems or the fluctuation of electron spins over the last 2 decades, the
recent discoveries of noncentrosymmetric superconductors may exploit a new niche in this field [1].
Some theoretical studies predict that the spin-singlet and spin-triplet states can coexist upon the
absence of inversion symmetry [2]. To understand the role of such noncentrosymmetry, studies on
transition metal compounds Pd:B and LiP&B have become intensive recently. Even though these
compounds share the samrystal structure of space groe432 [3], their superconductive properties
are different. Wiile the critical temperatur@{) of Li,P&B is 8K [4], Li,PtB shows thel of 2.7K [5].

Li,PdB is manifestd as a spin-singlet superconductor; howeveRttB is in the spin-triplet state

with line nodes in le gap function, suggested by the results of NMR [6], penetration depth
experiments [7], and specific heat experiments [8]. On the other hand, the NMR experiments also
imply weak electron correlations in these compounds [6]. While a photoemission experiment supports
the same conclusion for JH&B [9], spectroscopic study on BB has not been reported. As
unconventional supercondugties, for example, in URt[10] is thought to originate in strong
correlation effed, further studies on the electron correlation gPB are crucial for the completion

of investigationsThus, we set the purpose of our study to reveal the electronic structuriyB Li

and in a mixed crystalstem LpPd, sPt; sB by photoemission spectroscopy.

We prepare polygstalline samples of bPd Pt sB and LiPB by the arc melting method as
described elsewherf4, 5]. We performed x-ray photoemission spectroscopy at BL27SU of SPring-8
using the monochromized synchrotron radiation of 1300eV with total energy resolution of 260meV.

From the experimental results of core level and valence band spectra, we concluded that electron
correlations do not play an important role in the system gPHiPt;,)sB. In my talk, | will present
the detail of our expeariental results and analysis.

References

[1] E. Baueret al., Rev. Lett.92, 027003 (2004)2] L.P. Gor’kov and E.I. Rashba, Phys. Rev. L&ft. 037004
(2001); V.M. Edelstein, Sov. Phys.-JEBB, 1244 (1989); Phys. Rev. L&, 2004 (1995); Phys. Rev. &,
020505 (2003)[3] U. Eibenstein and W. Jung, J. Solid. State CHE38, 21 (1997)[4] K. Toganoet al., Phys.
Rev. Lett.93, 247004 (2004).5] P. Badica, T. Kondo, and K. Togano, J. Phys. Soc.7pri.014 (2005)[6] M
Nishiyama, Y. Inada, and G.-q. Zheng, Phys. Re¥1B220505 (2005); Phys. Lefi8, 047002 (2007).7] H.Q.
Yuanet al., Phys. Rev. Lett97, 017006 (2006)[8] H. Takeyaet al., Phys. Rev. B6, 104506 (2007)[9] T.
Yokoyaet al., Phys. Rev. B1, 092507 (2005).10] M. Sigrist and Ueno, Rev. Mod. Ph¥s, 239 (1991)
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Bose-Einstein supergas and quantized vortices

Tapio Simula

Following the first realization of Bose-Einstein condensation in
dilute atomic gases in 1995, a whole new field of physics emerged.
The ability to directly manipulate and observe the dynamics of
the most fundamental quantity of quantum mechanics, the wave
function itself, has attracted far reaching interest in the field of
ultra-cold quantum gases world wide. In this talk I will first
provide an introduction to the phenomenon of Bose-Einstein
condensation and quantized vortices in dilute atomic gases. I will
then review some of my previous and present work involving

quantized vortex structures in bosonic quantum gases.
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Spontaneous Spin Textures in Dipolar Interaction dominated
Bose-Einstein Condensates

Masahiro Takahashi
Quantum Many-Body Physics Laboratory

Much attention has been focused on the so called spinor Bose-Einstein Condensates (BEC)
since its variety of spin textures and density configurations were theoretically pointed out [1,
2]. The spinor BEC is the multicomponent system due to the internal degrees of freedom,
namely hyperfine spins. The spinor BEC is realized in fully optical trap, so the spin direction
is not fixed to the magnetic field. Many studies for this system were done and still going on
theoretically and experimentally.

Among many studies of this field, one of the newer topics is the so called dipolar spinor
BEC in which dipole-dipole interaction is not negligible due to the higher hyperfine spin. The
dipole-dipole interaction is anisotropic and long-range interaction compare to usual density-
density or spin exchange interactions. Recently BEC of 52Cr which hyperfine spin F' = 3 were
achieved in magnetic trap experimentally.

In our study, we further investigated static nature of dipolar spinor BEC which is dominated
by dipole-dipole interaction and the spins are fully liberated. We first introduce the classical
spin minimal Hamiltonian, which enables us to calculate the stable states with higher hyperfine
spins. By solving Gross-Pitaevskii equation, we derive several kinds of spin textures and density
profiles in several trap geometries [3]. Moreover, we also compare the energies of each state to
discuss stability.

40

‘ __ spin current —e—
5 10 15 20
N [x1000]

Figure 1: Stereographic view of the so called spin current texture, displaying simultaneously the
number and spin densities (left). The normal pancake type density configuration is distorted
and at the center the number density is depleted to give a doughnutlike shape. All spins lie
in the z-y plane and rotate around the origin O. The length of the arrow is proportional to
its number density. The right side figure shows competition of energies of each spin texture
in function of total number of particle N. The spin current texture is predominant in higher
N region among three configurations. However the so called r-flare texture is predominant in
lower N region. This is due to the competition of dipolar energy and spin gradient energy.

References:

[1] T. Ohmi and K. Machida, J. Phys. Soc. Jpn. 67, 1822 (1998).

[2] T.-L. Ho, Phys. Rev. Lett. 81, 742 (1998).

[3] M. Takahashi, Sankalpa Ghosh, T. Mizushima, and K. Machida, Phys. Rev. Lett. 98,
260403 (2007).
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Pressure-temperature phase diagram and superconductivity

in Ulr without inversion symmetry

Okayama Univ., Kobe Univ.*, JAEA®, Osaka Univ.©
H. Kotegawa, A. Hori, Y. Irie, H. Hidaka, T. C. Kobayashi, T. Akazawa”
E. Yamamoto®, S. Ikeda®, Y. Haga®, Y. Onuki®°

Ulr is a ferromagnet without inversion symmetry in the crystal structure, and shows
superconductivity under pressure of 2.5 — 2.7 GPa. [1] Three kinds of ferromagnetic
phases (FM1 — FM3) appear under pressure, and the superconductivity is observed
in the vicinity of the critical point of the FM3. [2] However, the residual resistivity along
[010] direction increases around 1.5 — 2.5 GPa, suggesting of the pressure-induced
1st order transition, which is likely to be a structural transition, and the accompanied
phase separation around 1.5 — 2.5 GPa. At the present stage, we cannot conclude
that the superconductivity coexists with the ferromagnetism microscopically.

As shown in Fig. 1, we introduce the pressure-temperature phase diagram
obtained by ac-susceptibility using Daphne oil 7373 as a pressure-transmitting
medium.[ Recently we found (1) the evidence of the pressure-induced 1st order
transition, that is, a clear hysteresis in the temperature dependence of resistivity as
shown in Fig. 2, and (2) that the phase diagram depends on the pressure-transmitting
medium. We will discuss the relation between the FM3 phase and the

superconducting phase.

[1] T. Akazawa et al., JPSJ 73 (2004) 3129.

[2] T. C. Kobayashi et al., JPSJ 76 (2007) 051007.
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Training for Graduate Students
at Large Science facility

Activities of Graduate Students in the New Educational
Program of OkayamaUniversity (OU)

Our program won a grant for "Initiatives for Attractive Education in Graduate
School" from the Ministry of Education, Culture, Sports, Science and Technology
in 2006. Since then, we have aimed to produce self-motivated researchers through
the educational program including on-ficld training at the regional frontier research
center (SPring-8, HiSOR, KAMIOKANDE and Kochi-Core). The program con-
gists of three educational training courses:

Synchrotron radiation science course

Synchrotren Radiation Science course consists of lectures and practices,
both of which have an introductory step and a specialized step. For exam-
ple, students can experience the introductory lecture for synchrotron sci-
ence including SR facility design and/or an applicational use of SR light
source at QU. After the lecture, students visit the HiSOR in Hiroshima to
make an exercise with HIiSOR. Then, they come back to OU and learn the
fundamentals of material science including interactions of atoms towards
light, XAFS process, diffraction and so on. Also they learn the fundamen-
tals of intellectual property in order to prepare the joint practical training
of SR experiments at SPring-8 with researchers from some companies.
In 2006, four Japanese companies, Idemitsu Qil, Sumitomo Material,
Asahikagei Chemical and MORESCQ joined in our program,

Quantum space science course

Kamioka Observatory, Institute for Cosmic Ray Research (ICRR), Uni-
versity of Tokyo is one of the world famous observatories for supernova
neutrinos, solar neutrinos and atmospheric neutrinos. In the study of the
Grand Unified Theories of particles, students will be able to obtain cut-
ting-edge knowledge on elementary particle physics. Visiting Kamioka
QObservatory, students make a practical training in the tunnel as a master
program.

Environmental earth science course

Kochi Core center is a facility jointly operated by Kochi University and
Japan Agency for Marine-Earth Science and Technology (JAMSTEC).
This facility is fully equipped with cutting-edge equipments such as cold
storage repositories for drilled core samples. The practical training of this
course will require student to conduct study here at this center,
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Program

Session

Session

Session

Session

12:40-12:45

12:45-13:00

Isao Harada (Director of Training Program for Pioneers of Frontier and Fundamental
Science, Okayama Univ.)
Koji Tanaka (Vice President of Okayama Univ.)

Education using Synchroiron Radiation at Okayama University

13:00-13:35
13:35-14:10

14:10-14:20
14:20-14:40

Laboratory Course at HiSOR,

Takayoshi Yokoya, Kenta Suzuki and Keiko Kobayashi (Okayama Univ.)
Laboratory Course at SPring-8

Naoshi Tkeda, Yusuke Yokota and Kuninari Saeki (Okayama Univ.)
Comment from SPring-§ Staff, Ichiro Hirosawa (JASRI/SPring-8)

Break

Desiable Education viewed from Company

14:40-15:20

15:20-15:40

15:40-16:00

Synchrotren Radiation Science course -Personnel training to lead to company activation-,
Shigeru Yao (Mitsubishi Research Institute, Inc.)

Good Graduate-Scheol Education wished from Company

Takaiku Yamamoto (Sumitomo Metal Industries, Ltd.)

An Expectation for Education of PHYSICS from a Material Company,

Hiroaki Nakamura (Idemitsu Kosan Co., Ltd.)

Research and Education using Synchrotron Radiation in Japan

16:00-16:15

16:15-16:30

16:30-16:45

16:45-17:00

17:00-17:10

How the encapsulated atoms affect the electronic structure of the fullerene cage?
Shejun Hino (Ehime Univ.)

Research and Graduate-School Education using Synchrotron in Kagawa Univ.
Shigehiro Kamitori (Life Science Research Center, Kagawa Univ.)

Dynamic Structural Analysis of Heterogeneous Catalysts Using Synchrotron Radiation
Kazu Okumura (Faculty of Engineering, Tottori Univ.)

Study on syntheses, crystal structures and solid-state properties of linear chain metal
complexes, Minoru Mitsumi (Graduate School of Material Science, Univ. of Hyogo)
Break

An Example of an Attractive Education in Graduate School

17:16-17:40

18:00-19:00

Education and Training Program of Graduate School of Physics and Chemistry at TMU
Yutaka Okabe (Tokyo Metropolitan Univ.)
Party with Light Meal and Drink
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Frontiers in Material-Science Research and Education nsing Synchrotron
Radiation in Asia

Session

£:20-8:50 Synchrotron Radiation Education for Graduate-School at Okayama University
Naoshi Ikeda (Graduate School of Natural Science and Technology, Okayama Univ.)

2:50-9:10 Plan of G-COE (Global Centers of Excellence) Program in Okayama University: Ma-
terial-Science Research and International Education using Synchrotron Radiation
Yoshio Nogami (Graduate School of Natural Science and Technology, Okayama Univ.)

9:10-9:50 Excitations in Molecular Crystals and Gases: an Inelastic X-ray Scattering Study
Donglai Feng (Department of Physics, Fudan Univ.)

0:50-10:30 Status of VUV activity at Pohang Light Source and the Atomic Wire Project Han
Woong Yeom (Institute of Physics and Applied Physics, Yonsei Univ.)
10:30-10:40 Break

10:4¢-11:30 Molecular Self-Assembly on Surfaces and Molecule-Substrate Interface
Chen Wei (National Univ. Singapore)

11:30-12:00 Construction of an Advanced X-ray Scattering Bearnline: Planning and Management
Chao-hung Du (Department of Physics, Tamkang Univ. )
NSRRC Educational Program for Graduate Students

12:00-12:40 Chia-hung Hsu (NSRRC)

Closing S . : . :
Remarks Osamu Shimomura (President of Institute of Material Structure Science, KEK)

Future of Asian Science, Technology,
Industry and Human Resources using
Synchrotron Radiation

Synchrotron Radiation Science is one of the most active fields in the frontier Science, In
the world, it is known that big three SR facilities, SPring-8, APS and ESRF, possess the
high brilliance with insertion devices and are the largest third generation light source.
With the growth of the SR Science, it is widely recognized that the SR light is a key for
the development of a fundamental physics as well as an industrial innovation. Now, in
Asia, a lot of SR facilities such as Pohang Light Source (Korea), Beijing Electron Posi-
tron Collider, Shanghai Synchrotron Radiation Facility, National Synchrotron Radiation
Laboratory (P. R. China), Taiwan Light Source (Taiwan, R. of China), Helios IT (Singa-
pole) and Siam Photon Scurce (Thailand), have been built or are under construction.
Then, we believe that at this stage it is essential to educate and to train students in a pro-
gram using Synchrotron Radiation cooperatively, gaining potential users of SR as na-
tional and international activity. We hope that this symposium offers an occasion to start
discussions for the future perspective of graduate-course education and the material-sci-
ence research using Synchrotron Radiation in Eastern Asia,
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Laboratory Course at HISOR

Takayoshi Yokoya, Yuji Muraoka, Masaaki Hirai, Takanori Wakita
Kenta Suzuki, Keiko Kobayashi

A Dbrief introduction of the laboratory course at HISOR and remarks from students will be made.
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Comment from SPring-8 Staff

Ichiro Hirosawa (JASRI/SPring-8)

One day training with synchrotron radiation and sample preparation for half day was suitable to the
program. However, number of students of one training group was too much to communicate and discuss with
engineers from collaborative private company. Suitable size is considered to be two company engineers, two
SPring-8 staff and four or five students. XAFS training was performed by about half of the students in this
program. We should supply a chance to select more various experimental techniques, and must consider
which techniques are suitable for this program.
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Synchrotron Radiation Science course
-Personnel training to lead to company activation-

Shigeru Yao

For the company research, it is demanded that unifying much special knowledge
compositely. And For the researcher, not only the specialty but also he must know what field the
specialty can be applied and what other specialties can unify the own specialty.

SPring-8 is the place that various companies are gathering and researching. So, the
Synchrotron Radiation Science course is very attractive and timely educational course.
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Good Graduate-School Education wished from Company

Takaiku Yamamoto
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An Expectation for Education of PHYSICS from a material company

Hiroaki Nakamura

In a company, various kinds of ability are necessary for a researcher to lead fundamental researches to
business, but he can learn most of them after joining the company. We hope that the students studying
physics get basic knowledge and a scientific way of thinking in a graduate school.
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How the encapsulated atoms affect the electronic structure of the fullerene cage?

Shojun Hino

Ultraviolet photoelectron spectra of endohedral fullerenes have been measured and the results are
discussed in conjunction with the interaction between entrapped atoms and the fullerene cage. Principally
the electronic structure of the cage is governed by the cage structure and entrapped atom(s) does not induce a
heavy effect to it.
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Research and Graduate-School Education using Synchrotron in Kagawa University
Shigehiro Kamitori

Life Science Research Center, Kagawa University

Our laboratory has focused the structural study of proteins using X-ray crystal analysis. Since we do not
have the expensive in-house X-ray diffractometer system, we have collected X-ray data at the synchrotron
facility, Photon factory and/or SPring-8. There are many advantages in data collection on the beam line at
the synchrotron facility; the excellent experimental conditions, effective graduate-school education and high
cost/performance. As a practical example of research and graduate-school education using synchrotron, we
report the structural study of the “rare sugar” producing enzymes.
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Dynamic Structural Analysis of Heterogeneous Catalysts Using Synchrotron
Radiation

Kazu Okumura

Dynamic Structural change of Pd catalyst induced by the interaction with acid sites of zeolite supports was
studied by means of in situ XAFS technique. Using this technique, complex behavior of Pd, i.e., migration,
dispersion and clustering process of Pd, were successfully observed with high quality.
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Study on Syntheses, Crystal Structures, and Solid-state Properties of
Linear Chain Metal Complexes

Minoru Mitsumi

We studied the syntheses, crystal structures, and solid-state properties of one-dimensional iodo-bridged
mixed-valence dimetal(ILIII) complexes [M,(EtCS,)4l], (M = Pt, Ni). To examine the appearance of a
superlattice reflection originating from lattice modulation, synchrotron radiation X-ray diffraction
experiments were performed in BLO02B1 beamline at SPring-8. We successfully determined the
superstructure of these complexes at low-temperature and revealed that the valence-ordering states of both
complexes are alternate charge polarization state (d).
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Education and Training program of graduate school of physics and chemistry at TMU

Yutaka Okabe (Tokyo Metropolitan University)

I briefly describe the graduate school education program for raising young researchers of physics and
chemistry, supported by the new MEXT program of “Support Program for Improving Graduate School
Education” starting from this year. We are planning various activities to raise young researchers who have
the ability to pursue independent and international research activities.
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Synchrotron Graduate-School Education at Okayama University

Naoshi lkeda, Dept. Phys. Okayama Univ.

In the educational program of Okayama [~ A
University “Initiatives for Attractive Education Topics Lecture Research Stay
in Graduate School”, the training program for from SR researchers
master students at synchrotron facility is the Joint Experiment
central role for the program. In the early stage of Practical Lectures with Company
the program planning some modern Japanese Intellectual Property (8Fring-8)
issues motivated us in designing the program. industrial Topics Learning for
For example now in Japan, the decreasing of Basics of /v/ S(F*Hrsagg;y
national population, decreasing tendency of high SR physics - |
school students who prefer the scientific learning NTRODUCTION I\ Tour for
and the_ global competition of the_ industry Whatweucan - SR facility
companies are considered to be negative factor with SR science
for future development of the national activity. Fund |

As a member of the educational community, UC q[mfnta SR Facility
we Okayama University decided to contribute in - ectures ) J

improving such issues with the development of the high quality master students who understand the
modern material science, who knows the modern analyzing technology and who has the wide
scientific view points that covers in the range from the quantum mechanics to the industrial topics.
In order to assist the personal growing of such young and smart students we designed some
step by step courses consist of lectures and practical trainings. The schematic view of the curses are
shown in the figure. At the first stage students learn the introductory lecture for synchrotron science
including SR facility design and/or the applicational use of SR light source. After the lecture,
students visit the HISOR synchrotron facility in Hiroshima to make an exercise experiment. The
compact design of HiSOR is a good teaching material of the synchrotron facility for such
introductory students. Then, they come back to Okayama and learn the fundamental lectures for
material science including interactions of atoms towards the light, XAFS process, diffraction and so
on. Also they learn the fundamentals of intellectual property in order to prepare the joint practical
training of SR experiments at SPring-8
with researchers from some companies.
After these courses student went to
Spring-8 to conduct the joint practice
experiment ~ with ~ some  company
researchers. In 2006, four Japanese
companies, Idemitsu Oil, Sumitomo
Material, Asahikasei Chemical and
MORESCO kindly joined in our practice
experiment program at SPring-8. It is
noticeable that the clear motivation of
: company SR researchers enhanced the
A scenery of the experiment at SPring-8. The clear | student's learning motivation.
motivation of company SR researchers enhanced
the student's learning motivation.
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Plan of G-COE (Global Centers of Excellence) Program in Okayama University:
Material-Science Research and International Education using Synchrotron Radiation
Okayama University, Yoshio Nogami

In recent five years, industrial use of SPring-8 has been increased and reaches 20% of total usage. To
supply human resource to the enterprises, we developed education and training course for SR experiment in
our graduate school in two years. We started around ten lectures specific to SR and a practical training course
including XPS, powder diffraction, thin film reflection and XAFS using SR.

We plan to expand SR education including other educational experiment programs and
exchange-student programs to support the operation and usage of recently built SR facilities in eastern ASIA.
Now we are activating Material research and Material development using SR in Okayama Univ. and apply
many grants including so-called “Global Center of Excellence G-COE” program.
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Excitations in Molecular Crystals and Gases: an Inelastic X-ray Scattering Study
Donglai Feng (Fudan University, Shanghai, China)

Excitations in molecular crystals and gases were studied by inelastic x-ray scattering (1XS) for the first
time. The dynamic dielectric response function is measured over a large momentum transfer region, from
which obvious exciton dispersions are observed in organic crystals. In Py-So system, exciton dispersion
of 130 meV is obtained for the feature around 2 eV.[1] Semi-empirical quantum chemical calculations
reproduce well the momentum dependence of the measured dynamic dielectric responses, and thus
unambiguously indicate that the lowest exciton is a Frenkel exciton confined within a fraction of complex
molecule.[2] For the C60 system, the feature around 6 eV shows dispersion to lower energy of about 600
meV with the increasing momentum transfer g. This behavior is contrary to its =-Plasmon assignment
suggested before. In the end, IXS spectra in gas phase of He, H2 and N2 are discussed. For Helium, the
monopole and dipole transitions are clearly observed in a large momentum transfer range. Furthermore
the intensity of the monopole excitation is even stronger than dipole excitation at the high momentum
transfer end. While for the diatomic molecule systems, more complex excitation features are observed in
the spectra including multiple vibration modes.

[1] K. Yang, L. P. Chen, Y. Q. Cai, N. Hiraoka, S. Li, J. F. Zhao, D. W. Shen, H. F. Song, H. Tian, L. H.
Bai, Z. H. Chen, Z. G. Shuai, and D. L. Feng “Inelastic X-Ray Scattering Study of Exciton Properties in
an Organic Molecular Crystal” Phys. Rev. Lett. 98, 036404 (2007)

[2] L. P. Chen, Y. P. Vi, Q. K. Li, Z. G. Shuai, K. Yang, D. L. Feng “Theoretical study of inelastic X-ray
scattering spectra for organic materials: Molecular excitation coupled with molecular exciton
descriptions” Synthetic Metals 157, 670-677 (2007)
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Status of VUV activity at Pohang Light Source and the Atomic Wire Project

Han Woong Yeom,

Professor, Institute of Physics of Applied Physics, Yonsei University
Director, Center for Atomic Wires and Layers, KOSEF

In the first half of this talk, I will briefly summarize the currentstatus of Pohang Accelerator Laboratory,
which will have its 15th anniversary next year, and the VUV research activities in it. The Laboratory now
operates three VUV/soft x-ray undulator beamlines, which focus on soft x-ray scattering/absorption,
core-level photoelectron spectroscopy/photoelectron microscopy, angle-resolved photoelectron spectroscopy,
respectively.

In the second half, 1 will review our own research activity on noble surface atomic wire systems based on
synchrotron photoelectron spectroscopy and scanning tunneling microscopy/spectroscopy. Well-defined
metallic atomic-scale wires can be self-organized on silicon surfaces, which have very interesting electronic
structures. Peierls-type 1D phase transitions have been found on these metallic atomic wire systems and the

intrinsic and extrinsic fluctuations have been identified in atomic scale.
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Molecular Self-Assembly on Surfaces and Molecule-Substrate Interface
Wei Chen, Andrew Thye Shen Wee

In this talk, 1 will summarize our recent work on molecular self-assembly on surfaces investigated by
low-temperature scanning tunneling microscopy (LT-STM), as well as various topics of molecule-substrate
interfaces by synchrotron radiation based PES, RPES and NEXAFS, including interface energy level
alignment, interface dipole formation, molecular orientation, ultrafast interfacial charge transfer and surface
transfer doping.

For molecular self-assembly on surfaces, | will cover following topics, including:

1) Fabrication of various well-ordered Cg, superstructures with tunable periodicity and symmetry

using dynamic molecular surface nanotemplates;

2 Formation of 2D pentacene:PTCDA surface chiral networks on Ag(111);

3 C-FeeeH-C intermolecular interaction induced molecular superstructures.

For molecule-substrate interfaces, I will cover following topics, including:

(1) Molecular orientation at the organic heterojunction interfaces;

(2) Orientation dependent interfacial charge transfer at the F16CuPc-CuPc interfaces;

(3) Tuning the hole-injection barrier at the molecule-metal interface using various functionalized
aromatic thiols;

(4) Surface transfer doping of graphene or diamond using F4-TCNQ;

(5) Ultrafast charge transfer at the molecule-metal substrates using RPES.
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Construction of an advanced x-ray scattering beamline:
planning and management

Chao-hung Du
Department of Physics, Tamakng University, Tamsui 251, Taiwan

X-ray scattering has been approved to be an ideal probe for studying the structure
related physical properties of matters including liquid, condensed and solid materials.
Especially, with the advanced synchrotron sources, it provides not only the
information related to the atomic structures, but also further provides the detailed
information of the electronic and magnetic structures. Based on the demands from
users in Taiwan, the NSRRC (National Synchrotron Radiation Research Center)
decided to build a dedicate beamline for the use of material research using x-ray
scattering. This is called a collaborated beamline with users. This beamline is also the
first beamline in NSRRC which is planed and managed by users, but the construction
work is still relied on the beamline group of NSRRC. In addition to serve users, this
beamline will also take the responsibility for the training and educating the new users
and students. On this talk, I will present the design and plan of this beamline and
share experiences which we have in our department for educating the PhD and master
students.

Z
& o =1 — Z ©
%
Top-view
Focusing
point FM DCM
— ) CcM
3. 5WNUA ?\‘ § Sw
& Side-view

24000 16000 12000 8400 0
(unit:mm)

1) | Experimental hutch |

Figure 1: The layout of the beamline BLO7. BLO7 will be a dedicated beamline for x-ray
scattering. The station will be mainly equipped with a 8-circle diffractometer and an optical
table which can be used to place a phase plate stage (as shown in the figure) or slits and beam
path. The sample environment will include a 4T superconducting magnet and a cryostat (~2 K
to 300 K) as shown in the bottom-left.
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NSRRC Educational Program for Graduate Students
Chia-Hung Hsu
National Synchrotron Radiation Research Center, Hsinchu, Taiwan

National Synchrotron Radiation Research Center (NSRRC) is the only synchrotron-based research
facility in Taiwan. Therefore, NSRRC plays a triple role as a national facility, a research institute and an
educational organization for synchrotron related researches. We understood the importance of users
cultivation, which is the key factor to the success of a facility. Since 1999, NSRRC staffs have regularly
offered introductory courses in accelerator physics and applications of synchrotron radiation at physics,
chemistry and chemical engineering departments in several universities in Taiwan. However, no systematic
curriculum and solid program was established until last year. Prompted by the urgent man power demands
upon the construction of the new 3 GeV Taiwan Photon Source (TPS) and the long term development of
synchrotron-based research, we initiated the “Science and Technology of Advanced Light Source Program”
in National Hsin Hua University, which is right next to our site, this year. We collaborate with the
department of physics and department of engineering and system science to offer a graduate program
with the emphasis focused on the science and engineering aspect of Synchrotron related research,
respectively. Currently, there are nine master students and one Ph.D. student enrolled in this
program. Next year, another program “Science and Technology of Accelerator Light Source Program”
focused on the applications of synchrotron radiation in materials science, optoelectronics and
nano-technology will start in National Chiao Tung University, another neighbor of NSRRC.
Furthermore, we establish partnership with five renowned universities in Taiwan, including
National Tsing Hua University, National Tsing Hua University, National Chiao Tung University,
National Cheng Kung University, National Sun Yat-Sen University, and National Central University,
to initiate the NSRRC International Graduate Program (NSRRC IGP). We offer the unique
opportunity and fellowship to foreign students to carry out their thesis research at NSRRC and earn
their degrees in the topmost universities in Taiwan. The operation and the curriculum design of the
educational programs for graduate students will be presented in this talk.
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The gabbroic and pyroxenitic rocks from the southern Ashanti greenstone belt of Ghana
show LREE enrichment patterns and are characterized by enrichment in LILE relative to
HFSE and in LREE relative to HREE, with Th-U and Nb-Ta troughs, positive Sr (and Pb)
anomalies and minor to pronounced negative Zr-Hf and Ti anomalies. The rocks are, thus,
inferred to be derived from arc-related magmatism during the Paleoproterozoic.
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I did poster presentation during the session of Petrology, Mineralogy and Resource Geology.
The interaction with quite a few people was fruitful. We discussed some of the
geochemical plots presented and their implocations on the petrogenesis and tectonic setting
of the Paleoproterozoic mafic-ultramafic rocks from the southern Ashanti greenstone belt of
Ghana. It was suggested that isotopic data be obtained for the rocks to support some of the
conclusions arrived at. Although not so many people approached me, their suggestions
were useful. The presentation was generally satisfactory.
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I am a regular member of the Japanese Association of Mineralogists, Petrrologists and
Economic Geologists(JAMPEG), and I do participate in some of the scientific meetings
organized by the association. At the meetings, I attend the oral presentation sessions to
have an idea of what other scientists or researchers are working on in my field of study or in
related fields, as well as learn about new approaches/techniques in addressing some of the
problems encountered in my field of study. Also, I take the opportunity to look at the poster

presentations of other workers/researchers and to interact with them on one and one basis.
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1. INTRODUCTION —-pwoB |
s
The Paleoproterozoic (Birimian Supergroup; ~2.1 Ga) greenstone belts 45 " _-,f ::ﬁf“ i
form a sub ial part of the Leo-Man shield of the West African craton | wAc ¢ ek E
(WAC) (Fig. 1).The tectonic setting in which the Paleoproterozoic juvenile ) §i & Type Il
crust of the West African craton was formed has long been contested, with e =1 3 —$=DN2UIC
two main models emerging in recent years: plume vs. arc-related Leo-Man 5 T A
magmatism. Most of the models are explained by the volcanic rocks in the el X 3 s it
greenstone belts, with minor contributions from the sedimentary rocks and :
itoids. The iated -mafic intrusives have received little e Tyt T Rt
1

attention, though they are crucial for unraveling the geodynamic evolution

of the gregnstone belts. £ 2533283843

La
Ce

Fig. 6. Chondrite-nomnalized patterns of the pyroxenitic rocks from the southern

Mafic to ultramafic intrusives occur in association with the volcano- Ashanti greenstone belt. Normalization values are from Sun and McDonough (1989).

sedimentary-granitoid rocks in the Paleoproterozoic southern Ashanti
greenstone belt of Ghana (Fig. 2). The largest of these ultramafic-mafic pror .mymm ol ISR RS S L LSRR | TR
bodies has been interpreted as a Paleoproterozoic supra-subduction 0w PN b o Gutnes T o 1l. ';m |
zone (SSZ) ophiolitic complex (Attoh et al., 2006). The geochemistry of g g : B | :m:
the other mafic to ultramafic rocks is poorly documented. [ Neopntcrasi s youmes | [ormoasden o D s & k- D2IA
£ o
Shisiavia B rocomscnoic s Bl e e srcnsone s E Typel

y ——D0211C
We present geochemical data on gabbroic and pyroxenitic rocks Fig. 1. Geologic sketch of the Leo-Man shield of the West African craton é =D
from the Axim-Aketakyi area of the southern Ashanti greenstone (WAC; inset) showing the P (Birimian) belts and T 4= D90212C
belt of Ghana, and infer the tectonic setting in which they were the location of the study area (Aﬁer Attoh et al., 2006) £ N-MORB
formed. It is envisaged that the present study will enhance our o Ahama Pyroxenitic rocks

ur jing of the gec ic setting of the Paleoproterozoic T O R S o O (o Y 1 WO B
Birimian) rocks of Ghana, which is contentious. / 4. GEOCHEMISTRY \ SBEEPHESISEGINEEIFZRAT 2O ESS

Major elements AP W e e g
The 1l d gab ic rocks have major element contents of SiO, of 45.1- ig. 7. Primitive mantie-normal lized multi-element pattemns of the pyroxenitic rocks from
52.6 wt.%,TiO, of 0.21-1.10 wt.%, ALO, of 4.43-20.8 wt.%, total iron, as e o vt ol Mot gy
Fe,0, of 7.42-14.1 wt.%, MnO of 0.13-0.23 wt.%; MgO of 4.88-15.4 wt.%,
Ca0 of 9.06-14.8 wt.%, (Na,0+K,0) of 0.83-4.78 wt.%, PO, of 0.03-0.29
wt.%, and Mg numbers (Mg#) of 45-72. 5. DISCUSSION
The pyroxenites have SiO,, TiO,, ALO,, Fe,O,, MnO, MgO, Ca0, (Na,0+ Arc-or plume-related gabbroic and pyroxenitic rocks?
K,0) and PO, contents of 48.7-50.5 wt.%, 0.54-0.78 wt.%, 9.38-12.1 W% & £ The LILE and LREE enrichment and HFSE depletion in the rocks
10.8-12.8 wt.%, 0.17-0.22 wt.%, 10.9-16.5 wt.%, 7.98-12.6 wt.%, 1,30-2.81ﬁ indicate invol t of subduction-related components in their
wt.% and 0.15-0.22 wt. %, respectively; and low Mg# of 63-74. source region. Some of these signatures could also be exhibited by
The mafi fic rocks d ate a sub-alkaline affinity and exhibit i inental, rift related magmas derived from a subduction-
a calc-alkaline - tholeiitic character in the FeO*/MgO vs. SiO. (Fig. 3). modified lithospheric mantle or reflect inherited features of crustal
\ / rocks. Neverthel the negative Zr-Hf ar ies are inconsi
with crustal ination, as crustal ials are enriched in
ts such as Th, Pb, Zr, Hf, etc. (see also Fig. 8).
100 =TT T T T T T T T3 o arn Also, the negative Zr-Hf and Nb (and Ta) anomalies argue against
e oceanic island basalt (O1B) component in the source region of the
—~— Do rocks, as OIB is enriched in Nb and Ta, and negative Zr-Hf anomalie!
o are not among intrapl Itic magmas (Zhou et al.,
Z el 2002). Thus, the rocks lack OIB signatures, thereby, precluding the
£ ~ DONIB plume-related origin. Rather, the geochemical signatures of the
G 1 i) gabbroic and the pyroxenitic rocks are similar to those of island arc
. . 3 ia 2 Aketakyi Gabbre intrusions (Zhou et al., 2002 and the references therein). The intra-
E?H §a§ﬁ?ﬁ§§§a1' gs‘;?)’ St sl anemne rel Mo Rty é_ g oceanic island arc-backarc setting of the metavolcanic rocks with
which the mafic-t fic rocks are d (e.g.. Sylvester and
Attoh, 1992; Dampare et al., in review) lends support to the
subduction-related origin inferred for the mafic-ultramafic rocks in
2. ANALYTICAL METHODS G oyt R B MM e e Ashanti greenstone belt. /
Rock samples were obtained from several small mafic to ultramafic Lx (o' Pr) Nd S G0 THEN, o Be YL LG
bodies (mainly gabbroic and pyroxenitic), outcropping in the Axim- Fig. 4. Chondrite-nomalized patiems of the gabbroic rocks from the southern Ashanti %
Aketakyi area and studied petrographically. The gabbroic rocks are greenstone belt. Normalization values are from Sun and McDonough (1989). @ e
massive, medium- to coarse-grained,and consist of plagioclase, o © Avin bt
pyroxene and hornblende. Accessory minerals include apatite,
magnetite, iimenite and sphene. Fine-grained, slightly foliated types U o e e . L S R - N e € 30 F i mone 4 e
occur among the gabbroic rocks, especially those from the Aketakyi Gabbroic rocks s ‘ot c .m ons 4=
area. 5 ‘ ~e Do z ® Uerens
The pyroxenitic rocks are mostly coarse-grained, dark green and 5 S el roversan? ]
ive, and shows variable signs of serpentinization. They contain £ Eeefgmban s
pyroxenes which are either partially or completely replaced by 2 e 0 e 2 -
actinolite or talc. Accessory phases in the rocks include apatite, ] ) 0
iimenite and magnetite. Some varieties contain hornblende and £ g bt %
plagioclase; the hornblende is partly replaced by chlorite and epidote. = it
and epidote also occurs as an alteration product of plagioclase. ,§ . w0 f
2
Representative samples were subsequently selected for major and i Lt e v e e e S e e g Gl T
trace elements geochemical studies. Whole rock major element B e Ty o £ L % * ]
analysis was performed on fused glass discs by automated X-ray sl et Sl ERLE L ; £ N o
fluorescence ()(RF) spectrometer at the Okayama University. The Fig. 5. Primitive mantle-normalized multi-element pattems of the gabbroic rocks from the w0k 05| Aol o B
precision was better than 1% for all analyzed samples. The trace LA L D T Ll i o e
elements analyses of 13 selected samples were performed at the s s ol ° 7 : .
Activation Laboratories Ltd. (Actlabs), Ontario, Canada, using fusion G 2 * vtan %
inductively coupled plasma and inductively coupled plasma-mass
spectrometry (ICP-MS). Information on analytical accuracy, - Fig. 8. Trace elemnt ratio plots for the gabbroic and pyroxenitic rocks from the southem
precision, standards and detection limits are available at the Trace-element compositions \ epi greeﬁg;e) e v:‘»’:fleori:mc‘)x;ngu Hiniva g m;:u:ﬂ:arluweesdaer:m«m ng\g;’am
S £, The gabbroic rocks have high Ni and Cr contents of 140-430 ppm and
270-880 ppm, respectively. They show slightly LREE-depleted and
“enriched patterns, (La/Sm),=0.43-2.64 and (La/Yb),=0.25-5.76, with / 5. CONCLUSION \
minor negative to strong positive Eu anomalies (Eu/Eu*=0.94-1 .87) in the The gabbroic and pyroxenitic bodies in the Axim: -Aketakyi area of
9 chondrite-normalized diagram (Fig. 4). On the primifi man‘.g i d the Ashanti g belt have a sub-alkaline affinity.
Yacs elen}ent diagram (F'g‘ 5), the ga}’ybros mostly show enrichment in They show enrichment in LILE relative HFSE and in LREE relative
LILE (elattve HFSE and in LREE (elauve to ﬂREE‘ with Th-U trough, to HREE, with Th-U trough, negative Nb (and Ta), Zr-Hf and
s | negative Nb, Zr-Hf and Ti anomalies, and spikes in St (and Pb). Ti anomalies, and spikes in Sr (and Pb). The geachemical features
exhibited by the ultramafic to mafic intrusions resemble those of the
S The pyroxenites have Niand Cr contents of 170-520 ppm and 630-1580. assoéialedymatavolcanic rocks, which formed in an intra-oceanic
2 L A ppm, and are characterized by enrichment in LILE relative to HFSE and in island arc-backarc environment (Dampare et al., in review), and
5 LREE relative to HREE. They may be classified as Types | and I : those of island arc intrusions (e.g., Zhou et al., 2002). suggesting
z B Ahama Pyroxenites pyroxenites. The Type | pyroxenites show LREE enrichment patterns with a subduction zone setting.
@ Aketakyi Gabbro (La/Sm),=1.16-1.70, (La/Yb),=1.94-2.34, minor positive Eu anomalies of
A E & eppios e 1.09-1.17, minor Ce anomalies of 0.98-1.03 and total REE contents of 28.1 We, therefore, contend that the mafic to ultramafic intrusions in the
< 32.8 ppm (Fig. 6). The Type Il pyroxenites also show fractionated REE Axim-Aketakyi area were not generated from plume-related sources
i lo il patterns with (La/Sm),=1.20-1.47, (La/Yb),=1.06-2.55, Eu anomalies of but were derived from an arc-related magmatism during the Paleo-
2 0.99-1.03, significant negative Ce anomalies of 0.58-0.88 and relatively proterozoic. These intrusives, together with other arc-related rocks
40 45 50 55 60 65 70 higher total REE contents of 57.1-124 ppm (Fig. 6). The Type | show Th-U in the southern Ashanti greenstone belt, indicate that the Paleo-
and Nb-Ta troughs, positive Sr anomalies and minor negative Zr-Hf and Ti proterozoic event in the Ashanti greenstone belt was subduction-
Si0, (wt. %) anomalies, whereas the Type |l exhibit negative Th anomalies, pronounced. related. This work agrees with the studies that the Birimian belts
Fig. 3. FeO*MgO vs. SIO.(wt%) diagram for the mafic-ulramafic rocks negative Nb, Zr-Hf and Ti anomalies, and spikes in Sr (Fig. 7). \{esem island arc complexes (.g., Sylvester and Aﬁohy
from the southem Ashanti greenstone belt (After Miyashiro, 1974), 165
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A~ 4 v Amino acid distributions of various carbonaceous chondrites
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We 1nvestigate novel spin structure of spinor dipolar Bose-Einstein condensates We introduce following minimal model Hamiltonian.
(BEC’s) dominated by strong dipole-dipole (d-d) interaction approaching from H — f e (r) Ho(r)0 (1)
classical spin limit model Hamiltonian. The static states found by solving Gross- _
Pfi;aevsl;i(i1 (dG.P) equzoltions, which 1s derived from the model Hamiltonian, show strong 4 é 94 f / d"ﬂﬁdﬂ?ﬂj Via (7, Tj)‘..3;-;;,(%.)‘3‘..3;;;,(%)‘2
elrect or d-d interaction.
. ST . h? . g =
Our results ensure in large spin limit. However those are related to the static states Hy = ——V2+ Virap(T7) — p + T ()2
derived from smaller spin (F = ) calculation. Our results will explain whole essential 2m 2
nature of the system dominated by d-d interaction. Vieap (1) = %HMQ{@,( 4+ y?) 4 2%}
<4 & ~ ~ z
Si+ S5 — 3(5; - €;5)(S; - €;; A\
11041/ M Vdd(’riﬁ"j) _ 9 ( Tg € j)( g € j) SI
BEC’s with internal degrees of freedom (spin) have been actively studied both where, €ij = (ri — 1) /1ij, 15 = |10 — 7. ;
theoretically and experimentally. The order parameter of these system i1s denoted by ’ ’

The order parameter is denoted as  U(r;) = ¢(r;)S;.

1t1- mor. Ohmi Machi 1 Ho [2] f1 hat th n- : . . .
multi-component spinor. Ohmi and Machida [1] and Ho [2] first suggest that the spin We treat multi-component spinor as a classical spin vector.

spin 1nteraction will give much variety to physics.

Fully optically trapped BEC with internal degrees of freedom, such as >*Na, ®Rb, 3’Rb o cos (1) sin (r;)

(F = 1, 2), are achieved experimentally. And BEC of larger spin system >?Cr (F = 3) is Si = S(ri) = | sine(r;)sinb(r;) A

realized in magnetic trap, in which the spin freedom is killed. In larger spin system, d-d cos 0(r;)

interaction will play an important role. The realization of BEC with larger spin system We solve GP equations of %(7;), 6(7;), ©(r;), and investigate static states.

in full optical trap 1s expected. And using Feshbach resonance, the spin-spin interaction
and d-d interaction can be comparable. Moreover, BEC of heteronuclear molecules
with permanent electric dipole moment will be realized.

Here we treat d-d interaction with two spin vectors
for simplicity. The figure shows energy minimum
arrangement respect to the central spin A. The up and
down spins are like to be head-to-tail arrangement
and the spins at sides like to be antiparallel.

. A
: ?ﬁ
B
3’)4\*\*

[1] T. Ohmi and K. Machida, J. Phys. Soc. Jpn. 67, 1822 (1998). [2] T. L. Ho, Phys. Rev. Lett. 81, 742 (1998).
® © ®© © ¢ ¢ © © o & o o o o

Our motivation 1n this study is to understand essential nature of spinor dipolar BEC 1n
d-d interaction dominated system. Our classical spin approach will give strong tool for
investigating large spin system where usually one has to handle 2F + I components.
On the other hand, we expect our method 1s valid even for smaller spin system to
explain fundamental physical nature of spinor dipolar BEC systems.

W

By solving GP equations, we found several static states in different trap geometries. Here we introduce typical spin texture and density configuration to introduce contribution of
d-d interaction. We found several novel static states, in which the spin texture and density configuration is strongly coupled [M. Takahashi, Sankalpa Ghosh, T. Mizushima, and K.

Machida, Phys. Rev. Lett. 98, 260403 (2007)]. And also, under arbitral coupling constant (g, = 0.2 g) and trap geometries (pancake type trap potential 7= 0.2), energy of each
states are compared. (Following data are all g, = 0.2 g)

Spin current texture. Spin
texture and density profile are
shown together 1n 3D
stereographic view. The left up
side schematic figure 1s shown
spin texture of x-y plane. 7=
0.2. Locally, spins are align
head-to-tail texture and
globally oriented antiparallel
(see A and B 1nset). At the
center O, density 1s depleted to
' : avold energy cost of spin
(a) Z-flare texture. (b) schematic figure. = (a) Two-z-flare texture. (b) schematic figure. ) Y - aradient term.

5.0. The spins near the edge are bent. Thisis 7= 5.0. At z = 0 plane two oppositely S et -7
understandable by considering anisotropy of aligned spins meet and the number density is
d-d interaction as shown above. depleted. This avoids energy cost of spin

oradient term. 40 ' | ' | ' | ‘ Competition O,f energies of z-flare, I-
| flare and spin current texture in
function of total number of particle
(Left) Density profile of r-flare ) 30 N. 7= 0.2. The r-flare texture has
texture (x-z and x-y plane) S | more advantage for smaller N
(Right) corres ondyinp . O = (smaller system size), because for
¢ tg 3 0p2 Th > p z 20 small system size, the spin gradient
nezrutrhe. g_ af .b nteliipn;s % term cost more energy than big
f‘ear te z tff ?Fhe . ste o a | system. And for the larger N, spin
ate 1e oo DHE SYSI current texture has more advantage
elongate to polarized axis and 10 for onpOsite reason
shorten to perpendicular axis. bp '
_ . Spin current —e—
400 | | | | | J 10 15 20
' N [x1000]
300+ , , NCLUS IO
Density profiles of r-flare texture at
a x-y plane (z = 0) and Thomas-Fermi - We investigate d-d interaction dominated spinor dipole system by approaching
2 200} density (g, =0). 7=0.2. The density classical spin limit and found several novel static states.
D 1 1 1 : 3 :
Q is elongate to the direction of head- - We found the states that spin texture and density profile are strongly coupled.

to-tail arrangement and shorten to the
other direction. The symmetry of
density profile 1s broken.

- Each spin texture and density profile can be explained by d-d interaction and kinetic
energy of spins.

- Some of the spin textures are similar to those obtained for small spin study (F = 1),
so our study will explain fundamental nature of spinor dipolar BEC.

- In tuture development, we expect that those results are detected experimentally.

100}
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Entanglement entropy

V. Vidral, M. B. Plenio, M. A. Rippin, and P. L. Knight, Phys. Rev. Lett. 78, 2275 (1997)
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L. Amico, A. Osterloh, F. Plastina, R. Fazio, and G. M. Palma, Phys. Rev. A 69, 022304 (2004)
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Lichtenbaum-Hartshorne
Vanishing Theorem |

(R, m) : n-dim local ring
I C R : ideal
R : m-adic completion of R
TFAE
(1) Hf(R) =0
(2) p € Assh(R)=>dim R/(IR+p) >0

Main Theorem |

(R, m) : n-dim local ring
I, JC R: ideals
R : m-adic completion of R
TFAE
(1) I—I?,J(R) =0
(2) p € Assh(R) s.t. JRC p
= dim R/(IR + p) > 0
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We 1nvestigate novel spin structure of spinor dipolar Bose-Einstein condensates We introduce following minimal model Hamiltonian.
(BEC’s) dominated by strong dipole-dipole (d-d) interaction approaching from H — f e (r) Ho(r)0 (1)
classical spin limit model Hamiltonian. The static states found by solving Gross- _
Pitaevskii (GP) equations, which 1s derived from the model Hamiltonian, show strong + é 4 f / Br;d3 P Vaa(ri, mi) [t (T@)\E\"I;'i'f*(?“j)\z
effect of d-d interaction. 5
Our results ensure in large spin limit. However those are related to the static states Hy = _h_v? + Vigap(13) — 1 + g |\f,(m)‘2
derived from smaller spin (F = I) calculation. Our results will explain whole essential 2m 2
nature of the system dominated by d-d interaction. Vieap (1) = %nw?{q(f,? + %) + 22
1 Fr0d 11O Viarir) = Si S, — 3(8.3-_:; €;:)(S; - €;;) z \Y
BEC’s with internal degrees of freedom (spin) have been actively studied both i
theoretically and experimentally. The order parameter of these system is denoted by where, €ij = (1i —1;)/rij, Tij = |ri — 75, f
multi-component spinor. Ohmi and Machida [1] and Ho [2] first suggest that the spin- The order parameter is denoted as  U(r;) = ¢ (r;)5S,; .
spin interaction will give much variety to physics. We treat multi-component spinor as a classical spin vector.
Fully optically trapped BEC with internal degrees of freedom, such as %*Na, ®°Rb, 8'Rb cos o (1) sin O(r;)

(F = 1, ?), are achieved e.XperiI.nentally. And BEC of la%‘ger spin system ?2Cr (F=3)1s S = S(r) = | sino(r;)sino(r,) X
realized 1in magnetic trap, in which the spin freedom 1is killed. In larger spin system, d-d

interaction will play an important role. The realization of BEC with larger spin system
in full optical trap 1s expected. And using Feshbach resonance, the spin-spin interaction
and d-d interaction can be comparable. Moreover, BEC of heteronuclear molecules
with permanent electric dipole moment will be realized.

cos 0(r;)

We solve GP equations of ¢ (7;), 6(7;), ©(7;), and investigate static Astates.
A S

<
pot1vartion Here we treat d-d interaction with two spin vectors

\!
for simplicity. The figure shows energy minimum | ‘?

Our motivation 1n this study is to understand essential nature of spinor dipolar BEC 1n h 1 spin A. Th d
d-d interaction dominated system. Our classical spin approach will give strong tool for arrangement respect to the central spin A. the up an 3 A
. L . Y ' pHiapp S S down spins are like to be head-to-tail arrangement

investigating large spin system where usually one has to handle 2F + I components. - }L A ‘«(-

) , , and the spins at sides like to be antiparallel.
On the other hand, we expect our method 1s valid even for smaller spin system to
explain fundamental physical nature of spinor dipolar BEC systems.

W

Here we introduce typical spin texture and density configuration to introduce contribution of d-d interaction. We found several novel static states, in which the spin texture and
density configuration is strongly coupled [M. Takahashi, Sankalpa Ghosh, T. Mizushima, and K. Machida, Phys. Rev. Lett. 98, 260403 (2007)]. And also, under arbitral coupling
constant and trap geometries, energy of each states are compared.

[1] T. Ohmi and K. Machida, J. Phys. Soc. Jpn. 67, 1822 (1998). [2] T. L. Ho, Phys. Rev. Lett. 81, 742 (1998).

Spin current texture. Spin texture and
density profile are shown together in
3D stereographic view. The left up
side schematic figure 1s shown spin
texture of x-y plane. v=0.2. g, =
0.2g. Locally, spins are align head-to-
tail texture and globally oriented
antiparallel (see A and B inset). At
the center O, density 1s depleted to
avold energy cost of spin gradient
term.

(a) Z-flare texture. (b) schematic figure. = (a) Two-z-flare texture. (b) schematic figure.
5.0. g, = 0.2g. The spins near the edge are 7= 5.0. g, = 0.2g. At z = 0 plane two

bent. This 1s understandable by considering oppositely aligned spins meet and the number 100
anisotropy of d-d interaction as shown above. density i1s depleted. This avoids energy cost
of spin gradient term.
— 80t
3
S
S
X
(Left) Density profile of r-flare T 60 1
texture (x-z and x-y plane). 2
(Right) corresponding spin 40 L
texture. 7=0.2. g, = 0.2g. The
spins near the edge are bent . r-ﬂar? |
like z-flare texture. The system 20 . . . P W — 0 . . __ Spin current =
elongate to polarized axis and 20 25 30 35 40 o) 10 15 20
N [x1000] N [x1000]

shorten to perpendicular axis.
Competition of energies of z-flare, r-flare and spin current texture in function of total
number of particle N. = 0.2. g, = 0.1g (left), 0.2g (right). The r-flare texture has more
advantage for smaller N (smaller system size), because for small system size, the spin
gradient term cost more energy than big system. And for the larger N, spin current texture
has more advantage for opposite reason. As g, increased, due to the dipole energy earn, the
cross point changes to lower N region.

400 . . . S

Density profiles of r-flare
texture at x-y plane (z = 0) and
Thomas-Fermi density (g, = 0).
7= 0.2. g, = 0.2g. The density
1s elongate to the direction of
head-to-tail arrangement and
shorten to the other direction.
The symmetry of density
profile 1s broken.

N1ICLILS 107

- We i1nvestigate d-d interaction dominated spinor dipole system by approaching
classical spin limit and found several novel static states.

- We found the states that spin texture and density profile are strongly coupled.

- Each spin texture and density profile can be explained by d-d interaction and kinetic
energy of spins.

- Some of the spin textures are similar to those obtained for small spin study (F = 1),
so our study will explain fundamental nature of spinor dipolar BEC.

- In tuture development, we expect that those results are detected experimentally.
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Result (polar core vortex)

[A+(r) |

°
° S
S hd
T
Soooo—

t=0.5,Q=0.0001,Q, =1/90>  (w,,w,,w_,) = (=10,1)
» order parameter

1 .
A, +iA)

"

A, =

oo

.9
a=0.7
a=0.5
=0.2
1

[A-(r) |

Summary

* In=0.5,2=0.0001, the polar core vortex
structure without singularity such as
in conventional superconductor is
stable.

» In future, this formulation will be
applied to 3He in the cylinder. We try
to investigate what kind of the vortex
structure is realized at low rotation.

233

13



A=V T 47 RRREBNEHE] ®EH

HEEH K4 - saARRER fRGAERA - BTH—RY
Z ¥4 : International Symposium on Physics of New Quantum Phases in

Superclean Materials
M . 10/29—11/1 P4y o g R

F{# # A /L Giant Vortices in Fermi Gases near a Feshbach Resonance:
Cases with and without Population Imbalance
H2EF K ERE, TRE, BTk
R O

T IV H U JRAZIRIZE 1T D Bose-Einstein EEE AR I I CTIBEN 2 LI EOENE T
L& T v T AU EBRORAOREX T VAL U ZRORAFOREEZ THLL Z LI
LA E T D. 2D AR Z L CIREL B TE 52 2L LT,

FRFERITHT 2 H R

AIEIDOFRE TONE % 5 FE 2, Z OB OV THFERDB 2D ADBFENTH 5000 L7970
LA R Z E MO E LI £, AW D IChE L. 2 i L0 F5ER
HIZEALTOEMMPHER 2O TiEmz Lo 752 LAk,

LML EEARICBELTH#BARR L T CERICH L T &0 A2 D2
RKBNZENLIELIEH -T2 FBRTDEEDILZ LMD ZBZXTWT DL L&
WZH LA T,

WHRANBERLREDTER E I TRWZ LRGN BEROHLDEST.

FEIEENT KT D B R

EES#HE WD 2 b b BRITEEBTITOIANEZ HoIcBfif T2 LTV 2 e h
ST L LRI TR T Ok A 72 2 L AT TS Z & &0 FIIZ 72 o 7o AR A & —%8
RCILEBOICIEZ VX G52 LTHM AWEDSL 52 E AR GRE S o, 2k
LLTHEEREThoT.

FLRFNHT B IR DT
BEES (A — =27 U —>) (K& RILE) EREOEBRERICHIE L IFERRE T 1.
BFPE R BT 2 BISE K & S CE e L BB,

FREENI T D EEH ORI -
SMEN S O Z D5 B O m IR E 1T D T E N T EIZDIRRER T3S b 0 &
7.

234




Local Density Of State and HE
Magnetization T

2 = ki W S I @

Eo/EF
When the winding number is two, there is no low-lying excitation just

inside the core. It's apart from the core. So magnetization is apart
from the core.

Local Density of State and
Magnetization 2
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=4 E &
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1
: L
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e 'quEF

Both w=3 and w=4, magnetization profile reflects the profile of
their Idos. 2%
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