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Areas of Excellence & E—L S 1 V& - HES

A[EID PF = 2 — A THEIANFK LA, PFISAC DY R
T 7 A A%EEZIF T 5~ 10 D Areas of Excellence ##% /€ L,
Uy —20%EMR ke, C—LT A VEEEIERRICT ST
& T PF & PF-AR Dii{b 2z [X % 7z 8 Difam ikt U CHESD
TWET, 10 H 25 HOH 2 [ WG TH L,
BTBRET PFRESLETH RSB CVEEEVE
BOETH, BIEREE TICE LDHEEDICDNTTWEWY
jzLET,

HARMNIZZEZ & LT (1) Areas of Excellence 723 7
BIF20TiEEL, (2) HFREE—LT A VEF (3)
LA R R DFEE & A7z 3 A3 T T PE O - £
B ZRERL TV T2l TFLE L TE— LT A VK -
MEARTEE ML T T IV LET, 3ALTIC
T 56 EELMEL, Areas of Excellence & LT 5~ 10
O ET ) Y — A ZELNCT 2723 TR, Zhb
IS B100RDE 5 2B, FE5E - T
DOFFE, REPEIREHEIC /1) T O R&D H LW 5L D
BHFHEDHETH S T &, F7z, Areas of Excellence I 3 F
NEWDIIC DN T E R AILFRRAEE E LTTE 572
DY R— MEKIE DL BB EIRHLLIEE—LT A
Y, HILWPRT HRZ EDQOHFRMHEDH O J5 %25 A TIT
TN EWVH T ETT,

Three-Tier System for 5-10 years (to be reevaluated in 5 years):

1. Areas of Excellence

A) Strongly-correlated electron systems

B) Materials under extreme conditions (eg., earth science)

C) Novel material device: polymer and functional organic
materials, & nano materials

D) Environment, energy, and rare materials (high
sensitivity chemical state analyses)

E) Structural biology of molecular machinery

F) Chemical reactions : from fundamentals to

applications

2. Light Source and Beam Line Developments
A)
B)

Time-resolved experiments

Imaging and spectromicroscopy (phase contrast
imaging, PEEM, fluorescence microscopy)

C) (In-situ or operand) Characterization with multiple
techniques

D) R&D for exploitation of coherence using future light

source

MR 72 & D

E)
F)

Detector developments (APD array and PAD)

Use of microbeam (eg. BL-1, BL-17
microdiffractometers)

G) Insertion devices (short gap undulators, fast switching

polarization)

3. Facility Operation
A) Electron beam stabilization and top-up operation
B) Novel schemes for beam line operation

Beamlines coupled with university education
—  Establishing a new PRT system
Industrial use and collaboration

BL evaluation scheme distinct from the

Areas of Excellence activities

SHBHED THT E— LT A Vi - HFESIE TN D OEA
FEHCHE> TITH T &IcED £d, Tz& AW, BL131CD
W ERBEREMEYEIR X Mo A& LT
1-C) Novel material device: polymer and functional organic
materials, & nano materials
2-C) (In-situ or operand) Characterization with multiple
techniques

D2 RZRBT 27008 FHE LTHEDITEIL, X,
¥ AR-NEI & 1-B) 2-A), 2-C), 2-E) Zi{td 57/zoic
TOoLVSXIEBHE L TVWEXT, ¥k - BRRZTD
TIODAT—=varz2DLh, 8ODA7T—¥3 /IO
TEHABERIEIBRTH L TRAT—Ya VA LEIE9
WO TEIEICDOVWTE, TOXIBEZSTTIvaryTs
T Y OMEDT ZIHEIC W LE T, 3ARHOZNETNAD
EHHICDOW T ZHIET D, iz, RS TIHIATE
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EIHABSADCERER « BEDEREAGR Y VAR Y LIk
\7 % PF AR RHLREHZEZAR, 3 H 4, 5 HD PF-ISAC,
3H 18, I9HDPF ¥V ARY Y LETETHmSE T
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PFBHESA 21— —JIL—THE

PF NERD 7 )V— T ©— LT A Uik - MBEGET
B OHEEIC N — T —DER L DiEm D% & U THT L
CRARA—=Y—=TNV—=TMEbNK LT, BifE2 5%
I—H— 7 )V—"T M5 science & T 5 DD meta User
Group(metaUG) Z#H§ T 2TE & 75> TWVWE T, 39 X—
S % metaUG DIREHZ DF7 &2 IC1E metaUG DE R %
FEHIL T2 E PF O« BHIEHEIC DWW THITHL & &
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DHEH & PFITER, MEDERE L, 2R V—T Y —

2— iR OtERIINL—T)—2—D—AN& LT)
ETHTWEEL T EICED E Uiz, H—mld 2007 4F 11
A 13 HTTH, EREOEEZTELTHVETD,
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Operation Statistics of the 50-MW Klystrons
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PF RT7—L 3V R E R
FRIFRH || ®|XH ETY
BL V/X IR 1999 2000 2001 2002 2003 2004 2005 2006 2007, 99-06 _ 99-06
1 A [crystal structure anal. X B 6 2 0 2 2 4 7 7 4 30 3.8
1 B |powder diffraction X B 7 13 5 11 17 11 6 14 12 84 10.5
1_C_|[VUVSX photoelectron_spectroscopy| GIM B 10 18 11 13 8 17 8 6 9 91 11.4
2 A |SX spectroscopy SX u 4 1 1 0 3 2 2 0 0 13 1.6
2 C |SX spectroscopy GIM U 1 10 7 15 10 20 25 17 15 105 13.1
diffraction & scattering
3 A |<<moved to 6C in 2006>> X B 13 21 21 18 16 12 11 14 3| 126 15.8
— materials structure science
3 B [VUVSX spectroscopy GIM B 15 9 3 5 8 10 2 5 2 57 71
3 g [Xray optics development, X B 3 0 3 5 2 4 1 0 1 18 23
magnetic_Bragg scatt.
4 A |trace element analysis, microprobe| X B 19 14 17 16 18 11 9 11 2 115 144
4 B |microcrystal, powder diffraction X B 10 5 16 3 6 6 9 7 4 62 7.8
4_C |diffraction and scattering X B 13 13 7 19 15 10 8 8 12 93 11.6
5_A_|macromolecular crystallography. X___MpPw - - - e - 13 28 32 28 73 24.3
6 A |macromolecular crystallography X B 62 38 45 46 40 68 48 44 28 391 48.9
macromolecular crystallography
6B olosed in 200655 X B 39 18 11 16 8 17 3 0 1 112 14.0
macromolecular crystallography
6 C [<<closed in 2006>> — X B 1 3 1 0 2 3 0 1 11 1 1.4
diffraction & scattering
7 A |SX XAFS, XMCD, XPS(RCS) GIM B 1 2 13 9 14 11 15 8 2 73 9.1
7 B |XPS, ARPES (RCS) NIM B 5 3 3 1 1 1 3 0 0| 17 2.1
7 C [XAFS, scattering X B 58 42 44 32 33 28 49 28 19 314 39.3
8 A [SX spectroscopy GIM B 0 0 0 0 3 1 3 1 1 8 1.0
8 B |XAFS X B 1 1 1 0 0 0 0 0 0| 3 0.4
8_C_|tomography, microscopy. X B 2 2 0 2 3 0 2 0 [9) 11 1.4
9 A |[XAFS X B 2 10 26 28 36 18 44 30 18 194 243
9 C|SAXS, diffraction, DXAFS X B 3 4 7 7 10 15 13 11 15 70 8.8
10 A |diffraction and scattering X B 6 10 7 10 1 6 4 4 5| 48 6.0
10 B |XAFS <<closed in 2005>> X B 59 47 55 50 51 28 52" 23 16 365 45.6
10 C |SAXS X B 29 19 25 33 25 19 21 13 17 184 23.0
11 A |SX spectroscopy GIM B 10 10 8 9 13 1 14 10 4 85 10.6
11 B |SEXAFS, SX spectroscopy SX B 17 7 5 3 12 10 6 6 6| 66 83
11 C [VUV spectroscopy NIM B 9 6 6 5 3 3 4 2 2 38 4.8
11 D |XPS GIM__ B 7 1 0 5 2 5 7 3 2| 30 3.8
12 A cha_racterization of VUVSX GM B 4 3 2 s 1 5 4 4 0 33 41
optical elements, SX
12 g | VUV high-resolution NM B 0 5 2 3 3 1 2" 1 0 17 21
spectroscopy
12_C |XAFS X B 32 21 31 22 30 29 49 37 28 251 31.4
13 A |high temp DAC X  MPW 0 4 4 8 7 17 15 9 5 64 8.0
13 B |XAFS, diffraction X  MPW 12 13 8 10 10 7 6 1 3 77 9.6
13.C [XPS, SX XAFS GIM__ U 4 4 7 2 5 6 9 2 1 39 4.9
14 A |crystal structure anal. X VW 15 16 18 8 8 14 7 6 3 92 11.5
14 B |high precision optics X VW 9 10 8 1 1 12 21 12 2 94 11.8
14_C |medical, high_pressure MAX-III X_ VW 11 10 13 25 7 18 8 10 8| 102 12.8
15 A |SAXS X B 26 19 23 21 32 32 19 1 13 183 229
15 B [topography, magnetic scat., surface diff.| X B 9 9 8 7 8 6 6 4 1 57 71
15_C |high resolution diffraction X B 8 13 18 8 12 15 9 9 3 92 11.5
16 A |versatile <<closed in 2006>> X MPW 6 4 6 14 10 10 10 5] 9 65 8.1
16 B [SX spectroscopy GIM U 6 8 6 8 12 7 5 7 4 59 7.4
XAFS (Fujitsu)<<closed in
17 A |2005>>— X  SGU 2 2 3 1 1 1 0| 0 5 10 1.3
macromolecular _crystallography
18 A |ARPES (ISSP) GIM B 10 5 5 1 6 4 7 2 3| 50 6.3
macromolecular crystallography
18 B [<<closed in 2005>> —versatile X B 49 29 32 55 51 44 30 16 2| 306 38.3
X-ray
18 C IDAC X B 10 10 20 13 12 15 7 9 o) 96 12.0
19 A [spin-resolved PES (ISSP) GIM U 4 1 5 6 1 3 2 2 0| 24 30
19 B |spin-resolved PES, SX emission (ISSP)| GIM U 3 7 11 11 11 7 4 1 1 55 6.9
20 A [VUV spectroscopy NIM B 7 1 2 5 6 3 4 6 1 34 43
20 B |versatile (Australia) X B 1 0 28 16 33 43 40 38 2 199 249
27 A |radiation biology, XPS SX B 10 10 8 7 5 7 5 8 2| 60 75
27 B |radiation biol., XAFS, diffraction, scattering | X B 8 7 6 8 5 11 14 4 1 63 79
VUVSX spectroscopy with Circularly
28 A |polarized SR<<closed in 2003>> — high | GIM EU 4 5 3 7 2 1 3 1 0 26 3.3
resolution ARPES
28 B |XMCD <<closed in_2003>> X__EMPW 5 5 5 4 4 2 3 1 2 29 3.6
NE1 A [Compton scat., Angiography X EMPW 7 4 6 2 0 6 3 3 1 31 3.9
NET B |/UVSX spectroscopy with GIM EU 3 3 3 2 1 1 2 4 0 19 24
Circularly polarized SR i
NE3___A |nuclear resonant scat. X_ . XU 0 3 0 0 8 1 4 2 1 18 2.3
NE5 A |medial applications X B 4 5 7 6 1 2 8 5 5 38 48
NE5___C |high pressure (MAX80) X B 1 2 6 14 7 5 7 2 2| 44 55
NW2 A |time—resolved experiments X U - - - - - 8 3 7 6 18 6.0
NW10_A |high _energy XAFS X B - - - - - - - 4 6 4 4.0
NW12_A_|macromolecular crystallography. X u - - - b 1 48 42 47 30 138 345
NW14 A [time-resolved experiments X U — — — — — — 1 1 0 2 1.0
Photon Factory total 548 462 530 527 527 571 575 452 274 4192 5240
cf. SPring-8 total 99 183 369 367 434 558 582 487 224 FIHZIRER
cf. ESRF total 920 1020 1325 1321 1513 1645 1697 1691 ?
cf. APS total 344 511 677 712 865 1071 1165 1078 447
cf. ALS total 345 352 400 385 445 539 570 377 60
cf. SSRL total 391 382 359 276 147
cf. NSLS total 808 708 662 679 698 Act. Rep.
cf. SRS 182 375 475 460 519 537 591 427 147
cf. Elettra total 7 174 190 214 235 229 233 208 90
2007/10/17

BTN
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Atomic self-assembly of Au nanoclusters on the Si(111)-3 X /3-Ag surface

Canhua Liu, Iwao Matsuda, and Shuji Hasegawa
Department of Physics, School of Science, University of Tokyo

1. Introduction

The fabrication methods of the microelectronics industry
have been refined to produce even smaller devices, but will soon
reach their fundamental limits. A promising alternative route to
even smaller functional system with nanometer dimensions is
the autonomous ordering and assembly of atoms and molecules
on atomically well-defined surfaces. It has been turned out, for
example, that a Si(111)-7 x 7 surface is an ideal template due to
its dangling bonds which may assign periodic adsorption sites to
foreign atoms [1]. The role of interactions among nanoclusters
themselves is negligible in this kind of self-assembly process.
On a smooth surface where adsorbates bond to the substrate
weakly, in contrast, the interactions among adatoms should have
more important influence on the formation of nanostructure
arrays. On some metal surfaces, for example, surface state
mediated adatom interactions are believed to play significant
roles in the atomic self-assembly [2]. In previous studies,
scanning tunneling microscopy (STM) has been well employed
to reveal the processes and mechanisms of the self-assembly
due to its powerful atomic resolutions in topography. However,
photoemission spectroscopy (PES) has been few reported in
spite that it provides precise information on electronic structures
that might be modified in the self-assembly process.

A monolayer-Ag-terminated Si(111) surface, the Si(111)-
\3x43-Ag surface (v3-Ag in short hereafter), is an ideal
substrate for studying this issue because of its intactness against
adsorbates owing to no dangling bonds remaining on the surface
[3, 4]. In addition, it has a surface state of two-dimensional
nearly-free electron gas (2DEG) which can mediate the indirect
electronic adatom-adatom interactions [5]. In this report, we
first introduce our recent STM observations of 2D identical Au
nanoclusters on the /3-Ag surface, and their self-assembly into
the Si(111)-+/21x~/21-(Ag+Au) superstructure (v21-Au in short
hereafter). With Si 2p core level spectra (CLS) of the v3-Ag
and +/21-Au surfaces, we determined that each Au nanocluster
consists of three Au adatoms, which helped to propose a new
atomic structure model of the \/21-Au surface [6]. Using angle-
resolved PES, in the end, we investigated changes in the 2DEG
band of the Au nanoclusters dispersed \3-Ag, revealing that the

band split into two due to its hybridization with adatom-induced

localized states. [5].

2. Self-assembly of 2D Au nanoclusters

Submonolayer Au adsorption on the 4/3-Ag surface has
been well studied previously as well as other noble and alkali
metals [3, 7-17]. An interesting point is that the adsorptions
of these monovalent atoms commonly induce v21xy21

surface superstructures, which have elevated surface
electrical conductivities comparing to the +/3-Ag substrate due
to electron transfer [12-17]. In spite of extensive experimental
and theoretical studies [7-12], the atomic structure of 21 x~/21
surfaces are still under debate and their formation mechanism is
unclear.

All of the previous STM studies on the +21-Au
superstructures had been performed only at room temperature
(RT) [8, 9], in which a remarkable feature is that the y21-Au
domain boundary changes successively and appears vague due to
incessant attachment and detachment of Au atoms at the domain
periphery [6]. To reduce the migration of Au adatoms, we cooled
the Au-adsorbed +/3-Ag surface to 65 K for STM observations.

Fig. 1 shows a series of topographic STM images taken at
65 K from Au adsorbed +/3-Ag surface. At the very beginning of
Au adsorption (0.016 ML), isolated Au nanoclusters distribute
randomly on the surface and exhibit identical shape, as shown
in Fig. 1(a). When the Au coverage is increased up to 0.048 ML
in Fig. 1(b), small domains of the +/21-Au superstructure are

Figure 1 Topographic STM images of Au-adsorbed \/3-Ag surface
taken at 65 K and at various Au coverages: (a) 0.016 ML,
V., ==0.50V,I=0.75 nA; (b) 0.048 ML, ¥, =—0.50 V, I =

tip
0.75 nA; (¢) 0.136 ML, ¥ =—1.50 V, = 0.50 nA. The size

tip
of each image is 31.2 x 312 nm.
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formed. At Au coverage of 0.136 ML in Fig. 1(c), the V21-Au
domains grow largely in size and cover almost the whole
surface.

Fig 2(a) is an enlarged STM image containing a small
v21-Au domain together with isolated identical Au nanoclusters.
Giving a sign of an Au nanocluster with a circle, we found that
the +21-Au domain can be divided into Au nanoclusters with
the same circles. In other words, the superstructure of \21-Au
can be viewed as a periodic arrangement of the identical Au
nanoclusters. Actually, the whole +21-Au domain in Fig 2(a)
can be exactly covered by such circles.

The series of STM images at various Au coverages in
Fig. 1 thus demonstrate clearly the process of self-assembly
of the Au nanoclusters into the v21-Au superstructure. At low
coverage, the identical Au nanoclusters distribute separately on
the surface due to a kind of adatom-adatom interaction via the
substrate. When the Au coverage is increased, the Au clusters
have to aggregate into the v21-Au superstructure because there

may be no enough space for them to disperse. This is exactly the

B Ag siaT

T Wkt paodruakide @ N T umaggs

Figure 2 (a) STM image of Au-adsorbed \3-Ag surface showing a
small \/21-Au domain and some isolated Au nanoclusters.
V,, =030V, 1=0.75 nA; (b) IET model for the v/3-Ag, on
which several spheres show the relative position of BPs in
(c), the STM image of a Au nanocluster; (d) STM image of
the \/21-Au superstructure at ¥, =—1.00 V and /= 0.60 nA.
One of the Au nanoclusters is indicated with a set of spheres
used in (b) and (c). (e) Diagram of BPs in the \/2]-Au
surface, whose new atomic structure model can be obtained
by putting Au adatoms in the position of the bright spheres.

ST WA

formation mechanism of the \21-Au surface [6].

3. Atomic structures of the Au nanocluster and \21-Au
superstructure

A full understanding of the self-assembly phenomena
requires a proper atomic structure model of the nanocluster
arrays for, for example, further theoretical studies. As mentioned
above, however, in spite of extensive studies, the atomic
structure of the 21-Au superstructure is still under debate [7].

In contrast to the previous STM studies that have only
analyzed the v21-Au superstructure itself [8, 9], we started with
the Au nanocluster, the basic building block of the v21-Au,
because of its relative simplicity. There are seven bright
protrusions (BPs) in each Au nanocluster as Fig. 2(a) shows. In
Fig. 2(c), a hexagonal lattice net is superimposed on the STM
image of an isolated Au nanocluster by following the v3-Ag
unit cells, whose atomic structure model is schematically shown
in Fig. 2(b). The seven BPs are indicated with seven spheres,
from which we see that all of them locate in the Ag triangles of
the v/3-Ag. Since the Au nanoclusters are build blocks of the
\21-Au superstructures, we can easily find the correspondence
of the seven BPs in the y/21-Au STM image, as Figs. 2(d) and
2(e) show. After self-assembly, the three BPs at the corners
indicated by light-blue spheres overlap with those of the
neighbor nanoclusters, so that there are only five BPs in the
N21-Au unit cell, as Fig. 2(e) shows. Since it is believed that
some or all of the BPs correspond to the Au adatoms [8-12],
the atomic structure model will be obtained if we can definitely
determine the number of Au adatoms in the y/21-Au unit cell.

To resolve this problem, we investigated the Si 2p CLS of
the \/21-Au superstructure as well as the pristine y3-Ag surface,
finding that there are three Au atoms in each +21-Au unit cell
after a careful quantitative analysis [6].

The Si 2p CLS of the V3-Ag surface have been investigated
by many researchers [18, 19]. The most reasonable
decomposition of the spectra is shown in Fig. 3(a)~(b), where
there are two surface (C, and C,), one bulk (B) and one defect
(D) components [6, 18]. The two surface components, C, and
C,, which shift from the bulk by 0.32 and 0.12 eV toward higher
binding energy, are assigned to the atoms of the first and second
Si layer, respectively. The atoms in the third Si layer are in a
bulk-like environment and may not give rise to any significant
energy shift in the spectra.

When the +21-Au superstructure is formed, the Si 2p
spectra significantly change in shape, as shown in Figs. 3(c)~
(d). In the decomposition, it requires three surface components,
R,, R, and R;, which shift from the bulk component by 0.30,
0.14 and 0.44 eV, respectively, toward higher binding energy.
By comparing to the energy shift of C, and C, in the V3-Ag
surface and their intensity changes between normal and 30°

emissions, we assigned both R, and R, to the first layer Si atoms

— 18—



PF NEWS Vol. 25 No. 3 NOV, 2007

b umals

Intensiny (a

1.5 1. T i %

Relative Binding Energy (eV')

Figure 3 Si 2p CLS taken from the \/§—Ag [(a), (b)] and V21-Au
[(c), (d)], recorded at 70 K with photon energy of 135 eV at

normal [(a), (¢)] and 30° [(b), (d)] emissions. The spectra
were taken on the beam line of BL-1C at the Photon Factory.

while R, to the second layer. The first layer Si atoms are thus
divided into two groups. One contributes to R, that has an almost
identical energy shift as that of C,. These first layer Si atoms
are affected very weakly by Au adatoms. The other first layer
Si atoms contribute to R;, whose larger energy shift indicates a
considerable modification of chemical surrounding induced by
Au adatoms.

The ~/3-Ag substrate is formed by 1 ML Ag adsorption
on the Si(111) crystal surface, which means each Ag atoms
saturates one Si dangling bond. Since Au adatoms locate on
Ag triangles, each Au adatom may considerably modify the
chemical environment of three Si atoms underneath through the
Ag triangle. Thus, if the number of Au adatoms in each V21-Au
unit cell is n, the intensity ratio between R, and R, should be 37 :
(21 - 3n). From Figs. 3(c)~(d), we counted that the intensity ratio
is 9.4 : 11.6 and 8.2 : 12.8, respectively. Another spectrum taken
at 60° emission gives also the ratio of 9.4 : 11.6. All the counted
intensity ratios approximate 9 : 12, which implies n = 3, meaning
that there are three Au adatoms per +/21-Au unit cell.

This is a decisive result for determination of the \21-Au
atomic structure. We see in Fig. 2(d) that the three Au adatoms
can only sit at the Ag triangle centers indicated by white spheres
due to the three-fold symmetry of the STM images, as long as
the BPs correspond to the Au adatoms as believed in previous
STM studies.

4. Interaction between adatom induced states and the 2DEG
band

As mentioned above, in the self-assembly of Au
nanoclusters, adatom-adatom interactions may play significant
roles besides the Au-substrate bonds. At a large distance, the Au
nanoclusters interact with one anther by conjunctly scattering
the 2DEG of the v3-Ag substrate. The Au adatoms are centers

of attractive potentials to the 2DEG, inducing electronic states
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localized around [20]. Such bound states hybridize with the
2DEG band and thus modify the spectroscopic signature of the
band, which can be revealed by ARPES.

Fig. 4 shows the first ARPES results for this issue [5]. Au
adatoms transfer electrons to the V3-Ag substrate, shifting the
2DEG band to higher binding energy, as shown in Figs. 4(a)~
(b), which were taken at RT from the V3-Ag surface with 0.01
and 0.02 ML Au adsorbates thereon, respectively. The 2DEG
band deviates from a parabola due to its increased interaction
with other two surface bands below as it shifts downwards. A
first-principles calculation and STS measurements show that the
2DEG band derives mainly from the Ag p, and p, orbitals while
the other two surface states consist mainly of Ag 5s orbital with
some Ag 5p contributions [21]. Using the s-like and degenerate
p-like orbital wave functions, u(r) and u(r) (j = x, y), as the
unperturbed basis set, we obtained the dispersion formula, as
drawn with solid curves in Figs. 4(a)~(b), for the 2DEG band by
a degenerate k-p perturbation theory calculation with the Kane
model [22]:

(5 5 M

where E, = E, -E,, with E_ and E, the unperturbed energies of
the s and p orbitals at k = 0, respectively. m, is the free electron
mass and re® = & E, 3 27, with £ ah o (s | | g

Being cooled to 135 K, the 2DEG band was revealed to split
into two, as Figs. 4(c)~(d) show. This is exactly the evidence

for the interaction between Au adatom induced bound states and

0.02 ML

0.4

Binding energy (eV)
=3
B

o
%

-02 -0.1 00 01 02 02 -01 00 0.1 02

Binding energy (eV)

-02 -0.1 00 0.1 02 -02 -0.1 00 01 02
Wave Vector (A'l)

2DEG band of Au adsorbed +/3-Ag surface taken at (a)~(b)
RT and (c)~(d) 135 K. The Au coverages are (a), (c) 0.01
ML and (b), (d) 0.02 ML. Solid lines are fitted results by
Eq. (1) [(a)~(b)] and Eq. (3) [(c)~(d)]. The inset between (c)
and (d) is a schematic illustration of the hybridization of a
conduction band with a localized virtual bound state.

Figure 4
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the 2DEG band. A general hybridization effect is schematically
illustrated in the inset between Figs. 4(c) and 4(d). The
conduction band ¢, and the localized virtual bound state £, before
hybridization are shown with dashed lines. After hybridization,
the primary band ¢, is split by £, into two bands, £, and £ .

Because the Au adatoms migrate freely on the surface at RT,
it is believed that the adsorption site of each adatom is different.
Accordingly, the adatom-induced states may have different
energy levels and wave function symmetry, which prevents
the formation of an impurity-like band and the hybridization
with the 2DEG band. This is the reason that no band splitting is
observed in Figs. 4(a)~(b). At 135 K, however, because the Au
adatoms are located on equivalent sites on the 3-Ag surface,
the Au adatom configuration is a subset of the V3-Ag crystalline
configuration. Therefore, it is possible to include the Au adatom-
induced resonant states in the same momentum set as that of the
2DEG band, which is the prerequisite for their hybridization.

Assuming the energy level of the resonant state to be E,, the
Hamiltonian for this 2D system would be

=% ke + Eat s + V 8], 000 + ol ke jn: E))

ke

The first term describes the unperturbed 2DEG band ¢, with wave
vector k and spin o The second term represents the electrons
in the adatom-induced band at £,. The third term accounts for
the hybridization between these two bands, with energy V', set
to be independent of k for simplicity. By diagonalizing this

Hamiltonian, the hybridized energy dispersion is obtained to be
# Eal dk oyfiem — B + 42 3)

The unperturbed 2DEG band ¢, can be obtained from Figs.
4(a)~(b) at RT where the hybridization effect is not yet seen, i.e.,
&, = E(k;). Substituting Eq. (1) into Eq. (3), we thus succeeded in
reproducing the band dispersion nicely, as the solid curves show
in Fig. 4(c)~(d).

After hybridization, it is seen from the split bands in Fig.
4(c)~(d) that there is an energy gap (~ 110 meV)[5], which is
described by the hybridization energy ¥ in Eq. (3). An intuitive
interpretation of the gap opening is that delocalized electrons in
the unperturbed 2DEG band at the energy level E, are trapped
in virtual bound states around the adatoms. It is interesting to
note that the 2DEG band of the self-assembled Au nanoclusters,
the 21-Au surface, has also a gap opening (~ 55 meV) [15],
which is exactly half of the hybridization energy. Moreover,
both of the gap openings occur at a similar energy level [5, 15].
These results indicate that there is a strong relation between
the resonant state and the 2DEG band of the +21-Au surface.
In other words, the band splitting observed in the ARPES
experiment is a strong evidence for that the 2DEG of the 3-Ag

substrate plays important roles in the self-assembly of the Au
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nanoclusters, as expected, though further studies are necessary to
determine the transition from the impurity state to the continuum

state.

5. Conclusion

A self-assembly of 2D nanoclusters on a smooth substrate
was demonstrated with submonolayer-Au-adsorbed vV3-Ag
surface. At very low coverage, identical Au nanoclusters are
dispersed separately and randomly on the V3-Ag surface. As
their density is increased, the Au nanoclusters aggregate into
the Y21-Au superstructure. By measuring the Si 2p CLS of the
self-assembled /21-Au surface, we found each Au nanocluster
consists of three Au adatoms and thus proposed a new atomic
structure model based on the STM observations. Furthermore,
ARPES studies revealed that the 2DEG band of the Au
nanoclusters dispersed V3-Ag surface split into two due to its
hybridization with the Au adatom induced bound states. Such
an interaction between bound states around the Au adatoms
and extensive 2DEG band of the substrate are thought to play

important roles in the self-assembly of the Au nanoclusters.
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A novel hexokinase from hyperthermophilic archaeon and its structural changes
on substrate binding
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1. IFLsIC

R AT EAVPE R (hyperthermophile) & 13 24 B E DY 80°C
D EOETH D [1], #ELRMBORTTISTWE T A1)
B L, AR IOE W EIRRRICAEBE T2 2 b b,
A ORIRICEI T 5 BTN RICRZ EEA N T
5o HEIFEAE R ORERI S SR AL E 2 FE DM B ESE
FHANOIGHECBOWTETEH SN TWS, £z, HillE
(Archaea) & 1&, &ZRlzZWVEMRRMEMTHS D, B
IEANE (Bacteria) 38 X G EALAEY) (Eukarya) & 1357 7=kt
LofiE, B, 5 EYER R R EDTVER
IS5 % —BOEYTH S (2], HHIFEDOEREIE 1970 44K
BAEMBIRE O, RS EWE B O L EA T
KTVBEDD, IBHEANE SN TSR (fkE
F) KD LBERTT S, WELRICARHZEAIEEN
TV, BlZIE, BIFEE LD 5 B Pyrococcus 5 &
U Thermococcus J& T, fRFEROFBRTH I RILF—1
VRS GEHE UCHER Y V(b T % 2 MHOEE ()
N a—RA%) VBT 2NFYFF—8 F)baF
F—vE, TOTHTIII F—R6V ViR VBT
BHRARTIVY FEFF—1) B, ATP Tld7&< ADP ZH]
WAHTENIH S TS, HLDYIV—TIELIET PF DY
— LT A VMM LT ADP R{FE )V aFF —E DIk
WG R Ul (T OBEEIZ Y IV a— XD Iz BB B
THlHICT N aAFF—EEMIEND) 3], ADP K17
Z)aAFF—viE, @ED ATP KEEANF Y FF—E L
WFRLHIDT 7 2V —TH2M, FEKIC ATP (KIFHEDRE
BV VBERISETTS U RFF— 8 L LT AREE 2 Ry
B, HEADP I, VU RFF—ED ATP FEEEHM &G >~
g1 I NIMBICHET ST e oTz, 5T,
TOBEEIZIN2 DD R AL UHSIRBE D, FEOREIC
T, ZNENKELEAL S T ENHS T NIE [4],
BEHEIGEG U THEMIEZZ1T S L5 BERId FH5E
% (induced fit) L LTHIGNTE D, TOEHELTHRD
KLHENTVEON, THEWV ATP KIFEENFY F
FT—ETH5 [5]

2. FREANFVIFI—EDER
2-1. Sulfolobus ROERHRERICTRENTH

Sulfolobus tokodaii strain 7 (3 AINFI SR D S FRELE N7z br
S B OB I T H O, £ ORECEIRR S,

it

U BB R EIE R 2 L OB R BN T
TV e RAYET (EM) REETIEAR L, FRIEEEASE O
—HWICHENE T b —+ R Ra 7 (ED) FEEICLT
WABENNSN TS [6], EM RREE & 13 B2 0T
TS RIS EEROD T . TH Y, Pyrococcus I X T
Thermococcus J& DB HER K, FRLOKSIc—ELD
o7z ADP R{FIEFF—C D5 ENSH B =i, B
EM RIS L PN T W B, —J, Sulfolobus 875 £ DRE
HE, FOBRMAOKISTTIVa—AEY VglkEng, 7
JVaA—AFk R —+¥ (GDH) Ic X b 7)Va VEBICH#E
fkxhzceixehs, U VL ED R LI Ty
% [7]o S. tokodaii (&7 LMRMTARET LTWAHETH D
(8], TDFV V(b ED RESOEEEREE HENBEE 1D
FEAEEFFDODICH L, EM BREBOFIFEEEZEICH T2 5N
FYVFF—EBDOBEIEFIERDM T a2, £ TAW,
1984 EITHE T NIZE L TlE, Sulfolobus J&DE KNI IZ
ATP RTEMED 7V a— 2 VEBBbiEE R T T3
[9]e &C, Sulfolobus J&1& ATP {KAFHENF Y FF—E &
DO, TNEGFEHROVDTHAID, &I DL
DRV HTH > Tz,

A

2-2. S.tokodaii D S DEZRDFER, FE, HERE [10]
FIUE, WEREENTERY Y —T 7 — AV 2=
T, S. tokodaii F k7 OL Db TEEEL, <Nz 3@
BOBRTHICKDIEER 124 ¢ DHEEEETZ, T OEAH
RO HF D ATP KAF 7V a— AV VA biE M I im iy =
ThHoleh, G5O ATLI/ax NI I5 7 0 —717
ST LICKD, WIINC 13ug DIEHREE X VNI U RS
LTI UTe, TDRVISNTHER, S tokodaii DN
VEF—B LS T & T StHK & %1137z, MALDI-TOF
BEOFICED, SHK XY / L ETHIERMZ V308
(hypothetical protein) & 41 TL % ORF ST2354 IC I— R &
nNTHL, BHONFY FF—ER )V aFF—tv e
AR Z RE RN E DR E NIz, DR LA -
WESE LA IR BT 075y o TV 21§25 T2dic, K
WatiZz2tE F & Ul AT BIR 2 LA, S EIER
& QL ORZEEED 55 50 mg) OR5HEL StHK A5 Nz,
StHK OFERFRMIFIAL, HRETE I Va—X, <V
J—R, 2-FTAFVINa—R, F)avy3Iy, N-Tt
FIVT I AP 2V (GleNAe) Y, U Vgt 54k (X7 LA
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F R) Tl ATP 7213 T/ < CTP, ITP, GTP, UTP &,3E
WK B T ENHSh o Tz NFYFF—XIZ TV
— R, RV/=ABZEVLDOHhDNFY—RIEHT 3
72T DHMITFENTWS, UL, SHKIFEJAWHE
PSRN ERED, K/ a—A L GleNAc 7 L & i@y
il 2TV A OR 2 it BAVE R 2R L I D IR o Tz
EERIC, FILBTEINFYFF—LITIA T, GleNAc I
FEEIN7R GleNAe FF—tEEFi> T a 2 &> T
%, THIC, HEOANFVFF—VEEELZMEHEELT,
StHK DiEMEE ) VB S5AD K EEY) TH %5 ADP I XD
ZLLHEEI N,

2-3.StHK DX EBHMESR

Fido & S A MEIX, StHK O ERIC DOV T EHEE
R 5 2 3, StHK OFEH L )VIZHEIKN TIZIEHR
WKL (ERIEME 2 2N B DK 0.04%), Z DOTE I
CHE (F)Va—R) Zl0O &5 Vg ED f&EE D
GDH 1D 10 50 D—FREICT Eix, it> T, THRILF
—ZHEET BHRRAHNCEID S L 1dE I L, ZDORIS
PEMITH B Lk (FIVa—A 6V VR E) &R
PE LT HEGRBIRICEEGT5EZE5NS (Fig Do
COMEEN ADPIC X DR BHE I NZ VS T b g,
COWFEZREND, DED, HEAN ATP JBEME T
LIemaic g iicinm > EEzME 2, 7V a—AhL
FIVF—EFEIHHAETNRT L EZ L 0HIDITHB, £
7z, BEEEEEMEDIEVE WS T I3 LR VLT
XHLWH L THbB, S tokodaii DT/ I, <2/
— X, Z)aY I, GleNAcZYD Vb3 % LHEE N
5FF—XZ2a— I 5BIETFIIRYEHTVWT b,
StHK DA HEEERE R 0 75 R DL S BRARERIC BT 5 L T
Wb EEZLNS, FEiX, Sulfolobus DFEGHEEZEN 51T,

vy S
H L2
SIHK | DI : HADHF)
Liarmosn ™ i :U.-;?-- l MADHFH = H
i e
GG » | Gickig 6P l- p—
- ED paltrway
i i-: [Rurrn- l‘
e | e
|
TR ADP L L
Ecayninesis: TCA cycin
Qiroogen (ATF production]
i by e

Figure 1 Sugar metabolic pathways of S. fokodaii.
The main glycolytic pathway of Sulfolobus is the semi-
phosphorylative Entner-Doudoroff (ED) pathway whose
initial step is catalyzed by glucose dehydrogenase (GDH) [7].
S. tokodaii hexokinase (StHK) catalyzes phosphorylation of
various sugar compounds, and is thought to be involved in
several biosynthetic pathways.
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Figure 2 Crystals of StHK.
Apo, glucose complex, and Xylose-Mg?*-ADP complex
crystals are shown. The ADP complex crystals were prepared
by soaking ADP to the Apo crystals.

Figure 3 Overall structures of StHK in four different states.
Apo and ADP complex structures are in the open
conformation, whereas glucose complex and Xylose-Mg?'-
ADP complex structures are in the closed conformation. ADP,
glucose, and xylose are shown as stick models, and Mg>* is
shown as a sphere.
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Figure 4 Active site structure of StHK.
(a) Electron density map of the Xylose-Mg?*-ADP complex
structure. The electron density for Mg** and coordinating
waters was clearly observed. (b) Modeling of glucose and
ATP in the active site. Glucose and ATP were modeled on
the basis of the Xylose-Mg*-ADP complex structure. The
residues involved in Mg?* binding are labeled.
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XHERH (180 eV~7 keV) DIRIEYI D & A WATHER T > 2
L — & — (EPU), Al X #RAHE (~200 keV) & /1/3—9 %
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b x5

07R-02

14c i
‘ 06G068 07G100 06G296 07G038 05G172 06G076
L% rep gl 2= #H M=
05G156 07G181

KB

]

15A

158

06G243 06G041
8¢ B i
05G108 06G223
168 v B8
= ‘ 06G148 06G190 M 06G178 06G182 ‘ 07G076 07G135
S. Cha E=L:) " EIM HiR ES) HHR
06G014
it

o

17A

18A

18B

18C 06G275 ‘ 07G103 06G271 ‘ 06G054

hE fa=sp wa W. Xiao

05G090
19A T

o

198 =

06G233

20A ite

ABPP-07 AB-34 AB-50

M. Valix K. Riley L. Gentle

06G310 07G107 06G346
55 AH

20B

05G118
27A 15

278 06G413 06G412 06G202 ‘ 06G213
R AN =8 HIE

28A mE 06G226 oggo

28B

Dat | | | 4/5 4/6 4/7 4/8 4/9 I I I [ a/13 4/14 4/15
ate MON | TUE | WED | THU | FRI MON | TUE | WED | THU | FRI
Time 10 ] [ [ [to T [lo T 10 10 10 | [ [ [ [lo T 10 10
Operation

NE1A1

NE1A2

NE1B

NE3A

NESA

NESC

NW2A

NW10A

NW12A

NW14A

Operation T [ M [ [ USER RUN [
SPF ‘ 06G088
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AR

Date

4/16 [

4/17 4/18

4/19 4/20

TUE

THU FRI

Time

9 ]

4/25 [ 4/26

4/27

WED | THU

FRI

4/21 4/22
9 9

4/28 4/29
9 9

Operation

USER

9
RUN

[ 9 ] |
B

9
USER RUN

STOP

1A

1B

1C

2A

2C

3A

3B

3C

4A

4B

4Cc

5A

B6A

6C

TA

7B

7C

8A

8B

8C

9A

9ocC

10A

10C

11A

11B

11C

11D

12A

12C

0652-005
HE S

06G256
AMRE

07PF-03
AR

06G258
HE

07P001
ik

0652-002
(L |

05G108
phva

07G056
L e

|3

06G246
a5

0552-003
a5

06G279
FRE

06G278
BEA

e

06G345
EREA

06G079
=P

05G132
KB

05G157
NE

05G158
AN ]

‘ 07G093
Ead::]

05G147
FIH

06G039

07G085
pliv;3

TESFIA

737 o2E. B KA

06G157 | 07G208

A | 4

06G186
EH

06G392 | 05G266

05G260
FH #&7

6G136 | 07G105
Bl | &

07G048
2]

05G280
=

07G019
B +jE

=
05G268

06G166
e

=]

07G045
BARER

05G272
5

06G171
E527

05G200

ik P. Sarode

07G077

06G097

5

T
0652-002
ik

HEHE

=

-

TEERFI A
FERIEE

06G361
aith

A HEBR

07G051

07P003 ‘
[1N)::]

05G242
NG

07G108
ki)

07G114 07G160 ‘ 07G197
ShA 11p i

06G254

06G058
NG

06G206
EH

056303

FIH SERER

06G203 ‘

06G204

07G059
Hh EAR

07G046
ETe)

06G086

06G394 06G087 ‘
ZEH mE

R

06G227

05G233
L

W=
07G146
B0

=]
06G409
ik

07G023
1

06G221 ‘
B

07G112 07U001
B #*

07G141 ‘
K

06G347 ‘

06G106

07G154 05G240
LiaFid

Date

4/16

4/17 4/18

MON |

TUE WED

Time

9 [ 9

4/21 4/22

4/25 [ 4/26

4/27

4/28

WED | THU

FRI

[ 9 | | [

4/29

Operation

B

USER RUN

9
B USER RUN

STOP

13A

13B

13C

14A

148

14c

15A

158

15C

168

06G270
plin;: 3

06G054
W. Xiao

05G143

06G120
N. Saini

06G119
KD

06S2-002
i

07G157
T.Lay

05G163
EA

07R-01
FEA

2
06G266
5&

=3
06G244
A

06G250
AR

‘ 06G393
=57

07G092

06G076
mE

05G179
Kt

05&3301
i)

05G312
N

06G074 06G293

05G309 ‘
=5 Kith

JAN::]

07G150
%

FEERF A
FEERATR AR

06G274
SRET

‘ 06G041
RiE

07G115
8

06G187

17A R

07G050
R

‘ 07G193 ‘ 06G184
A i

07G013 ‘
ES

07G143
b %

07G016
AT

=

06G076

18A

18B

18C

19A

198

20A

20B

27A

278

28A

28B

06G002
BrRR

05G089
il

HEE

06G054
W. Xiao

‘ 05G143 ‘

k3t

05G151
B

‘ 07P006
WF

05G090
AT

06G224
Al

06G090
i A&

8

06G202
=H

06G414
Ny

05G317
FIEE

AB-48

A. Riessen

AB-38
R. Hocking

AB-36
B. Singh

AB-42
S. Best

06G008
il

Date

4/16

4/17

MON |

TUE

Time

10 [

10

4/21 4/22

4/28

10

4/29

Operation

T/M

STOP

NE1A1

NE1A2

NE1B

NE3A

NESA

NE5C

NW2A

NW10A

NW12A

NW14A

Operation

USER RUN

USER RUN I

STOP

SPF

2006G001
21

2006G088
LB

2006G088
LB
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Dat 5/7 [ 5/8 [ 5/9 5/10 [ 5/11 5/12 5/13 5/14 5/15 5/16 [ 5/17 [ 5/18 5/19 5/20
ate MON [ TUE [ WED THU [ FRI MON TUE WED [ THU [ FRI
Time 9 [ [9 [ [9 [ 9 [ [9 [ 9 9 9 [ 9 [ 9 [ [ [ [9 [ 9
Operation /M USER RUN [ USERRUN B USER RUN
1A 0652-005
e
1B 05G130 ‘ 06G042 ‘ 06G268
FRBR E(A11} zisp]l]
1c 06G005
2A
2c 05G104 05G095 07G065 ‘ 07G040
FiF &R &% 11
3A 06G043 0552-003 ‘ 05G135
EHH H55 [
3B
05G109
3¢ P
06G307 06G395 06G134 E
HE R sEEE
A HEHE ‘ P ‘ X. Yang i
a5 07PF-05 07PF-06 ‘ 07R-05 05G132
TEAE H RE
ac 0552-003 05G134 07G182
HE hE 13
SA s | 0750 05G261 07G166 oraio7 [[oraies [ o Toscers [ osaist [ o7aiss TEEZFIFA | 06G159 | 06G136 05G291 07G158 | 07G210 148 | 06G370
gl I -5 8 il M L wmA SEA | Feh T | N W2 A L8R | wox. maes | &= Ny} N | [RE | {FE | %H
SA [ 06G141 06G367 05G290 06G160 05G267 05G281 07G015 06G179 07G136 06G377
g 5% HIH Pax: == =] B! BAR ER AT S. Liaw
6C 07G097 07G082
ErR E
A 05G098 06G364 ‘ 06G235
RE EH Y]
7B
e 07G031 06P022 ‘ 05G241 05G214 06G112
Eed RE /N2 —E P4 ]
— 0652-002 07G044
8A sz R Bl
8B ‘
8C HEBE
06G107 | 056247 06G116 06G106 05G226 - 07G037
[ FHE B /G
9A SRBIR ‘ o vm =iE AR HEIRFR F. Jalilehvand n ‘ Bk
oC 07G032 06G315 06G319 06G304 05G195
Xx& IS 25 bi frep
10A 05G131 06G281
PN A
10C 06G211 ‘ 06G299 ‘ 06G092 07G009 05G295 05G305 05G298 05G306 ‘ 07G129
[ E3=] RE bz =5 =i:] SERER =¥ pic3]
11A 07G214 05G175 05G176 07G172 06G312
INEE INFE /NFE X% KE
07G086
118 =::] ‘
11c
06G221
11D vy ‘
12A
12¢ 06G321 05G226 05G174 07G079
§ F. Jalilehvand B 3] £
Dat 5/7 [ 5/8 [ 5/9 5/10 [ 5/11 5/12 5/13 5/14 5/15 5/16 [ 5/17 5/18 5/19 5/20
ate MON | TUE | WED THU | FRI MON TUE WED | THU | FRI
Time 9 [ [9 [ [9 [ 9 [ [9 [ 9 9 9 [ 9 [ 9 [ [ [ [9 [ 9 9
Operation /M USER RUN USER RUN B USER RUN
13A 06G270 06G275
bl 23 hE
06G120 06G119
138 N. Saini KD
13c 05G233 ‘ 06G121 05G242 07G157
o S NG T. Lay
f— 06G029 05G241 07R-01
14A Az ‘ EIN ¥Rk P
148 07G087 07G116 06G288
ta3t A4 IKEF
1ac 07G219 07G017 0752-002
= it X8
5 07G047 06G091 05G187 06G317 05G245 06G342 07P009 | - 06G084
1A | 5 ot [ [ | #k LTI
158 06P014 ‘ 05G154
BT &R ALl
15C 06G057 ‘ FA ‘ 05G137
EA E R AT pii b=
06G238
16B =8
17A = ‘ 06G176 06G184 ‘ 07G138 ‘ 06G381 07G013 07G010
=i FAJE FH S fEzE BRiF
06G224
18A Al
188 HEHRE
18¢ 06G271 07G103 06G275 ‘ 07G104
wH fa=F hE HE
05G090
19A XF
07G026
198 o
06G017
20A @Y
208 AB-41 AB-46 ‘ AB-45 AB-44
W. Liu S. Schmid V. Luca T. Hambley
27A 06G358 07G058 06G027 ‘ 06G312 05G118 06G310
I E=v 1 st 7454 55 515
278 07G058 06G089 06G085 06G325 06G412 06G202 06G412 06G213
E=v::] 5 A R AN =8 AR HIIE
28A
5 0552002
28B s =T
Dat 5/7 5/8 5/9 5/10 | 5/11 5/12 5/13 5/14 5/15 5/16 | 5/17 | 5/18 5/19 5/20
ate MON TUE WED THU [ FRI MON TUE WED | H | FRI
Time 10 ] 10 | 10 | 10 | 10 | 10 10 10 ] 10 | 10 | [fo T [fo T 10 10
Operation M B USER RUN M B USER RUN
NE1A1
NE1A2
- 06G012
NE1B s )
- 05G100
NE3A e L3
05G308
NE5SA ®m
NE5C
e 07G087 ‘ . ‘ 07G043
NW2A BEE o = BE
- TEE%FI A 07G170 06G336
Nw10A BE | Exis B. Noller 5
NW12A e ‘
- 04S1-001
NW14A B EE
Operation STOP M USER RUN [
06S1-001
SPF R ‘
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AR

Dat 5/21 5/22 5/23 | 5/24 | 5/25 5/26 5/27 5/28 5/29 5/30 | 5/31 | 6/1 6/2 6/3
ate MON TUE WED | THU | FRI MON TUE WED |  THU | FRI
Time 9 [ 9 [ 9 [ 9 [ 9 [ 9 9 I 9 [ 9 [ lo [ lo [ 9
Operation M B USER RUN M B USER RUN
1A 0652-004 0652-004
b b
1B 06G268 05G130 07G005 ‘ 07R-07
)il FRBR T. Aree FE
1c 069335 o@;gs
07PF-02
2A s
05G104 06G234
2c iz g
3A 05G135 0552-003 0552-003 ‘ 06G246
B HE a5 a5
06G016
B £
05G109 06G287
3¢ 5 #
4A e 06G134 07G091 ‘ 06P019 ‘ 06G357 06G357 ‘ 06G348 ‘ 06G357 07Go91 | 07R-03
= X. Yang [FEN fid =R =R =i =R A | 8RE
B 05G132 ‘ 05G136 05G150
KE BB PN
26 07G182 06G043 06G043 07R-06 05G119
L5 A R A ARE
5A e 06G389 05G268 | 06G147 | 05G288 07G203 07G176 | 06G144 2%/ | 07G024 | 06G166 | 06G162 | 05G268 | 05G256 | 06G197 | 07G122 | 07G178 | 05G261 | 06G177 | 07G118
" rep FELL /AR EH] | M. Lawrence | IR | fiE oy | ABEE | B | R | FEIL | PER | ME | B | 0 | Ardh | (PR | S
SA 07G067 05G273 07G022 07G136 — 06G168 06G165 05G250 e 07G122
A B 22X i FEE B4 S. Suh nE BUY
6C HEPE HEHRE
05G114 06G354
A Ea 7
05G091
7B =M
S 07G151 06G311 07G184 06G099 06G109 06G099 06P022
ERR Nz B kS HE BN P4z
8A 0652-002 ‘ 0652-002
LE s
8B
8C HEBE
— 07G081 ‘ 07G095 07G102 ‘ 06G337 ‘ 05G240 ‘ 06G326
oA HFIERZ ‘ gt S 2 e It T
oc 07G096 ‘ 06G122 ‘ 06G313 ‘ 07G216 e 05G125
o 2/ =4 F chAf
05G133 06G262
oA xE E35
10C 05G303 ‘ 06G410 ‘ 06G403 ‘ 06G305 06G209 ‘ 06G210 06G201 ‘ 06G295
FH T 1 R FriE ST i gz 3:2]
1A 07PF—04 06G205 07G200 07G200 05G211 06G329
ts ke [2ES 2B ME H
118 05G097 ‘ FIA ‘ 06G217 06G217 06G062 FEERFIA ‘
P& i3 i3 Kk v=—
11c
06G221
2 |
12A
07G079 07G169 06G134 semprae | BBARFIA 06G352 07G036
12¢ Py o X. Yang HRARE | Griez | o =k
Dat 5/21 5/22 5/23 | 5/24 | 5/25 5/26 5/27 5/28 5/29 5/30 5/31 6/1 6/2 6/3
ate MON TUE WED | THU | FRI MON TUE WED THU FRI
Time 9 [ 9 [ 9 [ [ [ lo [ 9 9 9 [ 9 [ 9 [ 9 [ 9 [ 9 9
Operation M B USER RUN M B USER RUN
13A 06G052 ‘ 06G270
J. Jiang b2 3
06G127
138 S Wei
05G233 06G121 e
13C o P Bk
07G027 f— 05G167
14A EE HE iR
06G260 06G212
14B & Bt
1ac 05§g£o1 07G0ESQ
06G084 07G204 07G126 — 05G206 ‘ 05G173 06G066 05G169 06G065
154 2 ‘ Bt Hil HEBR 53 i ) R ta
168 0652-003 0652-003
A A
15¢ 05G137 ‘ 05G165 FRERFIF ‘ 06G286
i FEH E XTI LAY
168 07G115 06G230
R8I FEk
PEN 07G183 ‘ 07G064 ‘ 07G088 07G153 07G068 05G265 05G278 ‘ 06G152 ‘ 06G184 05G250 06G181
% =M bl B4 A ;- EHH KE E ) S. Sun L=l
- 06G007
18A mEE A
188 HEHRE HEHR
18C 07G103 ‘ 07P006 ‘ 06G052 06G052 ‘ 07G121
=P WF J. Jiang J. Jiang W
06G224
19A i
05G093
198 H e
06G017 06G017
204 INE Y NG
208 ABPP-10/3 ABPP-09 AB-40 ABPP-01
G. Edward J. Low L. Araujo M. Ridgway
27A 05G317 06G202 06G414 06G202 05G317 06G414
FiEX =8 IR =H FER IR
06G412 06G202 06G412 06G318 06G325 06G089 06G085 06G063 Jr—
278 AN = ANk PN X Y 2k R R
28A 0652-001 0652-001
i ¥: BT
07G120
28B B
Dat 5/21 5/22 5/23 [ 5/24 [ 5/25 5/26 5/27 5/28 5/29 5/30 [ 5/31 [ 6/1 6/2 6/3
ate MON TUE WED [ THU [ FRI MON TUE WED | HU | FRI
Time 10 ] 10 | 10 | [To T 10 | 10 0 ] 0 | 10 | [fo T [fo | 10
Operation M B USER RUN M B USER RUN
NE1A1
NE1A2
06U001 06P012 06G235
NE1B =R B e
05G113 05G088
NESA il INER(EE)
05G308 05G308 05G121
NESA ®E ®E F3E
06G257 06G035 07GO11 06G036
NESC 3 ‘ RS ‘ Jili ‘ it
05G190 07G073 05G230 05G234
Nw2A FRE [N L2, HEE
07G197 | orais 05G190 05G190 07G209 06G095
E: 3 Ze H[E] 2T
NW10A #HEHZE 2B sk B = H*REHZE = =
06G374 | HEERFIA e o 07G119 | 07G022 | 06G158 | 07GO19 | 07G203 s 06G140 | 06G157 | 05G255 hii FIA P 07G174 | 05G250
Nw12A AL P KPR gt | gk | ey |SaEE %@ |s. sun
0451-001
NW14A R
Operation USER RUN [ USER RUN
SPF 06S1-001 ‘ 0651-001
iR BB
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i

Dat 6/4 6/5 6/6 [ 6/7 [ 6/8 6/9 6/10 6/11 6/12 6/13 [ 6/14 [ 6/15 6/16 6/17

ate MON TUE WED | THU | FRI MON TUE WED | THU | FRI

Time 9 [ 9 1 [ [9 [ o 1T 9 9 9 [ 9 [ 9 [ [9 [ [ [ 9

Operation M B(SB) USER RUN (SB) M B USER RUN
1A 0652-005 0652-004 0652-005
hEH # R
05G144 06G258 05G134
8 Wy HE mmxE | | R
1c
07PF-02
2A s
2c 05G115 05G101 0552-002
/% BEEE =1
0552-003
3A BE
3B 06G220 06G220
ok hoE
06G046
3¢ 123
06G110
e
aA HEHZE ‘ HE
05G136 07G093
48 2 D 3B
ac 05G126 06G277 06G057
A HE A
SA 06G149 | 06G144 )&E‘Eﬂ"‘ 07G212 | 07G193 | 07G013 06G156 06G191
Bz | iES Tl ER | FoR | fEZE A. Wang
a2 06G144 06G156 05G277 07G080 06G247
oA EHxE s A Wang W i B
6C 06G263 05G128 06G264
N 1B NB
07G187 06G364
A o =HEY E
05G091
7B =@
Jc 06Gaze 06G361 06G300 07G066 06G232
BRE Hith P ik FiF
0652-002
8A [F
8B
8C HEHE
= 07G216 FEEXFI A . ‘ 06G351 ‘ 06G321
oA i F@ ERiEs Lk EE BT
oc 06G077 05G245 05G245 06G317 05G187
HEF i LA LA b 5id
10A o7=<ts1n23 o;?;?
10C 05G191 osaze3 | 076213 | 05G186 06G305 07G173 05G299 06G397 ‘ 05G296 ‘ 07G003
HH =18 | &1 i Fid k bl 2] S FIR FIR
1A 06G217 06G235
Frk -]
F 06G323
118 FE ‘ EE
11c
06G221
11D ey ‘
12A HEWHRE
06G399 - 07G035 JF— 06G075

12¢ Wt smen] | Bk HREBZE B3

Dat 6/4 6/5 6/6 6/7 [ e/8 6/9 6/10 6/11 6/12 6/13 | 6/14 | _6/15 6/16 6/17

ate MON TUE WED THU | FRI MON TUE WED |  THU | FRI

Time 9 9 1 9 T 9 o 7 9 9 9 9 9 9 9

Operation M B(SB) USER RUN (SB) M B USER RUN
13A 06G040 06G251
E:) AR
07G149 06G119
188 PN 4 i
" 0652-002 ‘ 07G044

3¢ me | rE Bl
05G163 07G028

1an BA b=t |

05G165
14B T
06P021 06G393 = 06G276 0752-002

140 we | =1 i NNk ‘ x&

— 06G297 ‘ 07G090 07G161 06G301 ‘ 05G310 06G064

154 HEBE e Lrns = % £ Rl

158 EEE- °6§ﬁ§°3

06G289

15¢ KE
06G230 06G225

18 i EH

17A s ‘ 06G385 ‘ 06G380 ‘ 07G025 07G152 06G389

EHHE BHHR Hh fAH
05G091 05G091

184 Em@ =@

188 HEHR HEBR
06G275 07G103 06G045

186 b maxw | | R0 | T3t
19A
07G018
o8 23
20A
AB-37 ABPP-06

208 P. Rutledge P. Lay
06G309 06G089 07G107 06G089 J—

27A 5 i *m@ i HERFZE

06G325 06G085 06G090 3 06G412 06G213

278 LY Bk [TES baccalal AR | %

28A os;gm
07G120

28B B

Dat 6/4 6/5 6/6 | 6/7 | 6/8 6/9 6/10 6/11 6/12 6/13 | 6/14 | /15 6/16 6/17

ate MON TUE WED | Hi | FRI MON TUE WED | THU | FRI

Time 10 ] 0 | 10 | [To T 10 | 10 0 ] 10 | 0 | [fo T [fo | 10 10

Operation M B USER RUN M B USER RUN

NE1A1 ‘ 05G116 05G116 06G015 ‘ 06G237

8t b 53 ES 5 i Fid

NE1A2

06G235

NE1B i ‘

NESA 07G055 05G163 06G278 ‘ 07G116
INAGE) J=:N BRA LAY
06G404 = 06G400

NESA P THEE R
05G142 06G035

NESC S P2

— 06G284 05G153 06G284 ‘ . 06G105
nw2A me | AT [ i) me freh
NW10A 06G340 HiAIA| 06633 | 07GO39 06G111 06G341 06G362
M. Ridgway waree | SR ##1 P. Lay BRE
NW12A TEEAFIFA| 07G034 | 06G378 | 06GI71 |mmsim #mus sm| 06G383 | 06G382 07G139 06G153 | 07G033. HEEEIA | iR | 076171 Losczm 06G138 [, oo e | BURFIFA| 05G191 [ 076210 [ 07G134 [ 06G175 [ o6Gis2
E# | BR prrozxumsod FE | &l FH K 5t 0| =3¢ | SRR pramansinal o] | =264t2| D wane | JREA | BEZA | WK | BAR
0451-001 04S1-001
NWT4A [T R
Operation USER RUN
06S1-001
SPF R ‘ RS ‘
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Dat 6/18 6/19 6/20 | 6/21 | 6/22 6/23 6/24 6/25 6/26 6/27 | 6/28 | 6/29 6/30 7/1
ate MON TUE WED [ THU [ FRI MON TUE WED [ THU [ FRI
Time 9 [ 9 [ 9 [ [9 [ o T 9 9 9 [ 9 [ 9 [ [9 [ [9 [ 9 9
Operation M USER_RUN (SB) [ USER RUN B USER RUN M
1A 06S2-005 06S2-004
g =
1B 05G134 06G272 ‘ 05G123 07P004 06G269
HE A HA il #h
1c 06G026
R
2A
0552-002
2c i
0552-003
3A BE
06G220
3B iz
06G046 06G265
3c o s
A 06G408 07G091 ‘ 06G216 06G408 07G087 ‘ 06G124
FIIl RS C. Chen FIIl [ 5id L2Fid
B 07G093 06G263 ‘ 06G264 06G253
FHH NE B ==
ac 06G057 0652-005
it HEF
5A 06G189 | 06G161 06G388 IFf | 07G048 05G291 06G178 | 07G088 07G006 »ﬁs&xw‘ s MEERFI A 06G154 056254‘06&157 HEERF A
| B Z. Rao | Al i) #FEM| d)Il | V. Streltsov | PP et Y FE S Eom | kb |0z, HaMEE
6A 06G180 06G374 07G136 05G251 06G057 05G279 = 05G257 05G254 06G166 06G167
527N B J. Ding EH S. Eom & iR
[ 07G062
6C A ok
A 06G228 ‘ 07G202 06G354
mE £l SERE
7B
06G232 06G239
7C Fiz ‘ AfE
8A HEHR
8B
8C HEHRE
05G203 06G335
oA C. Jae ‘ C. Jae
oc 06G068 05G186 ‘ 05G187 ‘ 05G301
L% L5 Rt [ticl
07G020
10A P
10C 06G080 06G342 06G078 ‘ 05_G1 99 05G170 06G086 06G087 ‘ 06G072 ‘ 05G306 07G129
hi g2 #K B8 miE pe =] HE HR ER i pi3]
11A 06G235 05G092
-] ik
06G323
1B =
11c
06G221
11D ey ‘
06G240 05G120
12a A NEEH
12¢ 07G095 e 06G095 ‘ o6GI0f 06G315 -
Eh-4 = i i3
Dat 6/18 6/19 6/20 6/21 | 6/22 6/23 6/24 6/25 6/26 6/27 | 6/28 6/29 6/30 7/1
ate MON TUE WED THU FRI MON TUE WED THU FRI
Time 9 [ 9 [ 9 9 [ o T 9 9 9 [ 9 [ [9 [ 9 [ 9 9
Operation M B USER_RUN (SB) [ 'USER RUN B USER RUN M
13A
138
07G054
13c o
14A 07G113 06P016 ‘ 05G241
EX BHE /Y3
148 05G165 06G393 ‘ 07PF-01
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