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Abstract
BL43LXU, the RIKEN Quantum NanoDynamics Beamline will be a world-leading facility using non-resonant

inelastic x-ray scattering (IXS) to investigate atomic and electronic dynamics by directly probing the A? contribution

to the dynamic structure factor, S(Q,m). Resolutions from <1 to ~100 meV will be available via two spectrometers: a

high-resolution instrument with a 10 m arm; and a medium-resolution instrument with a 2 m arm. Here we describe

the status and over-all design of the beamline, including the source, which is expected to provide unprecedented flux
and brilliance between 14.4 and 26 keV. First light is expected before the end of 2011.

The RIKEN Quantum NanoDynamics Beamline,
BLA43LXU, will be a next generation facility for inelastic
x-ray scattering (IXS). The purpose of the beamline is
investigation of atomic and electronic dynamics with
resolution from <1 meV to ~100 meV, spanning
momentum transfers from ~0.1 nm'! to ~150 nm!, and
energy transfers from ~0.5 meV to >10 eV, via non-
resonant inelastic x-ray scattering. Of particular note is
the use of a long insertion device to increase flux on the
sample by about a factor of 10 over present instruments, a

crucial improvement given the flux-limited nature of many

IXS experiments. The beamline has been funded by
MEXT through RIKEN with a 3-year maru-sai budget,
beginning in FY2009. Several workshops have been held
to discuss the scientific case for the beamline [ (Figure
1), and, even before those discussions, a team of scientists
from SPring-8 had begun conceptual design work to
address some of the associated technical hurdles 2.

The present article describes the design and expected
performance of BL43LXU. As this is a short report in a
facility-based publication, the focus will be an overview

Figure 1

Photograph during the NanoDynamics Beamline workshop in 2008.
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of the expected capabilities of the beamline for those
with some background in synchrotron radiation
instrumentation. For a broader context as to how the
instrument and the applications discussed here fit into the
over-all picture of solid-state physics and x-ray scattering,
we refer the reader to, e.g., the recent overview issue of
Kotai Butsuri 3. One crucial issue, though, is that while
IXS experiments provide superior quality data, with nearly
no background (see discussion in [4]), they remain severely
count-rate limited. This is true for measurements of
atomic dynamics in complex materials, or with complex
sample environments, where scan times can be days. It is
even more of an issue for measurements of electronic
dynamics, where the cross sections are reduced. Thus,
the improved source strength is a very important aspect of
the beamline. Also of note is that BL43LXU will do non-
resonant high-resolution investigation of electronic
excitations at larger momentum transfer, which might be
considered the momentum-resolved extension of optical
or IR or Raman spectroscopy. This new field will allow
access to both correlations in low-energy transitions (such
as orbitons) and access to the higher order multipole

character of localized transitions.

At the time of the writing of this article, January of
2010, most of the specifications for equipment for
BL43LXU have been fixed, and the main components
are now out for bid, with contracts to be set before April
of 2010. Thus, the over-all design of the beamline is
well established. First light is expected late in 2011, and
first experiments in 2012. One should note that the
present paper discusses the expected performance when
the beamline is fully operational - achieving these goals

will encompass the first few years of beamline operation.

BLA43LXU will take advantage of the strengths of the
SPring-8 storage ring, including the high, 8 GeV, electron
beam energy, the availability of a long (30 m) straight
section, and in-vacuum undulator technology to produce a
uniquely powerful source in the hard x-ray region.
Specifically, the use of a three 5 m insertion devices (IDs)
in series, each with a 19 mm period and a 6 mm minimum
magnetic gap, will allow unprecedented flux and
brilliance between 14.4 and 26 keV (k,,,,=1.56 at 14.4 keV,
k~1 at 22 keV). Calculated flux and brilliance is shown

15 SPring-8 Information,”Vol.15 No.1 FEBRUARY 2010

in Figure 2. Importantly, the short undulator period and
8 GeV electron energy of the storage ring allows this range
of x-ray energy to be covered in the fundamental of the
undulator, leading to a favorable ratio of useful flux to
heat load. However, to achieve the small gap for this
requires intermediate focusing of the electron beam, with
magnets (quadrupoles and sextupoles) between the
undulator segments, to keep the electron beam size small
enough for the 6 mm gap, and to retain sufficient
injection aperture [®). While this reduces the length of the
insertion device to 15 m (as compared, say, to the 24 m ID
at BLI9LXU) there is still a large gain in both brilliance
and flux over the desired energy range (see Figure 2).
For those who may wonder about the performance of this
beamline as compared to the SPring-8 x-ray free electron
laser (XFEL), we note that the XFEL is a pulsed source
and, while the peak pulse intensity is very large, the
time-averaged flux per unit bandwidth (which is the
relevant figure of merit for IXS) of the XFEL will be
much (~103 times) less than at BL43LXU.

80 .
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Brilliance
120 _
2
£ | BL4LXU f w
x Ec;v =5
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g 0 =8
E 28
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BL19LXU 2
 BL35XU
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Figure 2 Flux and Brilliance

Calculated flux and brilliance for a standard
SPring-8 insertion device (ID), 4.5 m long, 32 mm
period, as at BL35XU, the 24 m ID at BL19LXU
(also 32 mm period), and the 15 m, 19 mm
period, ID planned for BL43LXU. Calculations
using SPECTRAI5] | Flux calculations have
assumed a fixed front-end slit size for each ID.
For BL19LXU, only the Brilliance is shown, and
the gap in the tuning curve is due to the large
(12 mm) minimum aperture at BL19LXU, which
has no intermediate electron-beam focusing.
For BL43LXU, the calculations have been done
assuming a single undulator of 15 m length.



The power load on the pink-beam components is a
serious concern. While operation of the insertion device in
the fundamental improves the flux to power load ratio, the
long insertion device still has a large total power, ~47 kW
at minimum gap, and an extremely high peak power
(about 3 MW/mrad?) based on calculations using
SPECTRA 1. With some re-design, and thanks to the
good thermal properties of glidcop, the front-end is
expected to survive these power loads (7). However the
power onto the monochromator remains a serious
problem, with the central cone expected to be ~1.8 kW at
minimum gap. Liquid nitrogen cooling of a silicon
monochromator crystal has been shown to be effective up
to ~700 W 81 but the expected power at BL43LXU is
more than double that, with a substantially higher power
density. BL43LXU will therefore use a liquid nitrogen
cooled mirror upstream of the monochromator (M1 in
Figure 4) to reduce the power onto the monochromator
by removing the x-rays form the higher undulator
harmonics (see Figure 3). Cooling the silicon using
liquid nitrogen to a temperature near to the zero in the
thermal expansion, and the large beam footprint, should
reduce the thermal distortion of the mirror from ~ 1 kW
absorbed power to ~0.4 microradians [°. It is hoped to

100 : : : : 2
— — 144 keV

= ——17.8 keV =
m 80F ——21.7keV 15 &
X ——25.7 keV 09
— 60 g
= I o]
< 41 [©)
S sl Z
— =
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= 2] 177 Z

0 A A/\ Ad . 4 0

60 80 1
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Energy [keV]

Figure 3 Calculated spectra and integrated power for
several settings of the BL43LXU undulator.

The front-end slit size has been chosen to keep
the power absorbed by the first mirror < 1 kW and
the power absorbed by the mono <550 W. The
power is the flux integrated from low energy to
the value given on the x-axis. The mirror will
act to cut-off that part of the power at energies
above the fundamental, so at the first plateau
of the power curve.

reduce this even to the 0.1 microradian level by gently
bending the mirror. A diamond monochromator was also
considered, but difficulties in removing the expected
power deposition (~100 W, even for a thin diamond) and
issues of crystal quality and performance (especially at
higher energy) led to a preference for the nitrogen cooled
silicon mirror. A matched mirror (M2 in Figure 4) will
be installed after the mono to return the beam to
horizontal. It is worth noting that mirror technology has
progressed to a point where substantially sub-
microradian slope errors are possible on long flat mirrors
(the mirrors are specified to have <0.3 micro-radian

tangential slope error over the central 800x60 mm?).

The beamline will have two main instruments, as shown
in the layout presented in Figure 4: a large high-resolution
spectrometer and a smaller medium-resolution spectrometer.
The high-resolution spectrometer will be for measurements
with good momentum resolution, a small fraction of a
Brillouin zone (typical analyzer acceptance between ~1x5
and 10x10 mrad?, or momentum resolution in one dimension
between about ~0.1 and 1 nm!), and energy resolution
between <1 and 40 meV (see also Table 1). The better
energy resolution will be used for measuring atomic
dynamics, with the relaxed resolution (6 and 40 meV) to
permit higher rates for lower cross-section experiments,
especially those investigating electronic excitations. The
medium resolution instrument will be primarily for
electronic excitations, and will have larger acceptance
(~50x50 mrad?) analyzers on a short, ~2 m, arm. It will
operate primarily at 15.816 keV (corresponding to the
Si(888) back reflection for the analyzer crystals) and
is expected to have energy resolution between 10 and
100 meV, depending on the choice of incident beam
monochromatization. Both spectrometers will operate
with a horizontal scattering plane. The high-resolution
spectrometer will have a maximum scattering angle of
~55 degrees, while the medium resolution spectrometer
will scan to ~130 degrees in two-theta. For scattering
angles near to 90 degrees on the medium resolution
spectrometer, a diamond half-wave plate will be
employed to rotate the plane of the polarization to
vertical and to reduce losses from pi-polarized Thomson
scattering. We note that early designs considered a
single spectrometer with an arm length of about 6 m.
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Figure 4  Planned hutch layout for BL43LXU.

L]
Offset Table

BX Mono

Backscattering
Hutch

High Resolution
Spectrometer

Beam from the undulator is incident from the left, and for the high resolution spectrometer, is
backscattered by the BX mono (far right), and impinges on the sample from the right. M1 is the nitrogen
cooled mirror, M2 the matched mirror to return the beam to horizontal and M3 the focusing cylindrical mirror
for the high resolution scattering. The length of the displayed hutches is 47 m.

However, this was finally discarded, as being less than
optimal for many experiments: the 6 m arm length, as
compared to the 10 m now planned, would make sub-
meV work difficult, while for medium resolution a
shorter, ~2 m, arm was desirable to increase analyzer

solid angle and therefore count rates.

It is worth taking a moment to comment on the planned
operating energy range, and modes of operation. The
energy range is largely dictated by using silicon optics in
a near-backscattering geometry: silicon remains the
material of choice when large-area highly-perfect crystals
are needed, while the backscattering geometry (Bragg
angles near to 90 degrees) is desirable to get maximum
angular acceptance for a given energy resolution, as can
be seen by differentiating Bragg's law. However, silicon
backscattering optics quickly become inefficient at higher
energy, with reflectivity dropping fast as x-ray energies
approach 30 keV. Meanwhile, from the point of view of
sample investigation, higher energy, for a fixed incident
flux (in units of photons/s/meV), is almost always better,
as this allows one to get higher rates from larger samples
due to reduced photoelectric absorption, and also to more
easily penetrate into complex sample environments.
Thus, the 15-26 keV energy range, which covers intrinsic
resolutions in backscattering from about 4 to 0.3 meV
(single reflection bandwidth in silicon) is a very
reasonable one. Finally, the extension of the operating
energy range down to 14.4 keV is to match the nuclear
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resonance in °’Fe. This resonance has an intrinsic
linewidth of <10 peV, so, in principle, using time-gating
and a nuclear analyzer, as discussed in 1%, very high
resolution experiments will be possible (estimates
suggest 0.3 meV resolution should be possible). Table 1

summarizes the expected operating conditions.

The medium resolution spectrometer will use analyzers
operating at the silicon (888) back-reflection with a
temperature gradient !l to allow large space at the
sample with a resolution of ~10 meV. This resolution
can then be relaxed to gain flux by increasing the
incident bandwidth. It is worth emphasizing that one of
the reasons to use the (888) analyzer reflection instead of
the (555) as is sometimes done, is the relatively good
response of the tails. The tails of Bragg reflections
increase as the square of their width —if AE} is the
intrinsic (energy) Darwin width of the reflection (nearly
the full width at half maximum) centered at E|, the
reflectivity at an energy E with |[E—-Ey|>>AEp is just
R=~(AE,) (4(E-Ey)) . Relaxing the resolution, increasing
AEp,, of the analyzer in an effort to get more counts,
results in tails increasing as the square of the width,
which is a very serious concern for measurements at
smaller energy transfers. Figure 5 shows the resolution
function from a setup where a single-reflection Si(888)
monochromator is used with a Si(888) analyzer, which
has been used to measure a d-d excitation in NiQ [12],

The integral intensity of the d-d excitation was some



Table 1

Expected operating conditions for BL43LXU.

All operating conditions, except the last two lines, refer to the large high-resolution
spectrometer with a 10 m two-theta arm. Q,,,, and E,,, are the maximum momentum and
energy transfers accessible. AQ,,, is the maximum acceptance for a single analyzer - the
lower limit will be <0.1 nm™" (limited by count-rate) for the high-resolution spectrometer. The
last two lines are for the medium resolution spectrometer for electronic excitations, and the
nuclear resonant scattering (NRS) setup, respectively. The resolution, in energy and
momentum, for the NRS setup, will be primarily count-rate limited, with the values listed
based on an estimate for a sample with relatively high rate (light elements).

Resolution | X-Ray Energy A Qmax Emax Qmax Analyzer Source Flux
(meV) (keV) (nm™) (eV) (A% (GHz/meV)
<09 25.7 1.2 49 12 Si (13 13 13) 140
14 21.7 1.0 4.1 10 Si (1111 11) 230
2.8 17.8 0.8 34 8.3 Si(999) 390
6.0 158 0.7 30 74 Si (888) 440
40 15.8 0.7 10 74 Si (8 88) 440
10— 100 158 34 >10 16 Si (888) 440
>0.3 144 >0.3 >10 15 Fe Nuclear 430

3 orders of magnitude less than phonon intensity, and the
peak some 4 orders of magnitude reduced. Thus the tails
are very important. Comparing the Si(888) with its
4 meV Darwin width, against the Si(555) which has a
14 meV width at 10 keV, one can expect measure
excitations about a factor of 2 to 3 closer to phonon lines

using the Si (888) analyzer.

0 200 400 600
Energy Transfer [meV]

Figure 5 Resolution function using the silicon (888)
reflection. (4 meV Darwin width for the analyzer
and the monochromator). Note points removed
near 100 and 350 meV correspond to known
excitation bands in the plexi-glass sample used
to simulate inelastic an elastic response. The
solid line is a smooth curve fit to the data.

We briefly mention some of the expected improvements,
in addition to higher flux, beyond the instrument
BL35XU. The first is that the analyzer array on the 10 m
arm will be increased in size, with a planned goal of 42
elements (as opposed to the 12 at BL35XU). As the data
rate, for some experiments, scales linearly with the
number of analyzers, this is a large improvement. In
addition, these analyzers will take advantage of a new
design concept so that when a temperature gradient is
applied to them 111, combined with an efficient position
sensitive detector (such a detector is being developed
now [13) improved resolution may be possible. The
long-term goal is ~0.7 meV at 25.7 keV and 1.3 meV
resolution at 21.7 keV (FWHM). The default beam size
at BL43LXU is expected to be smaller, compared to that
at BL35XU due to improvements in mirror technology
and placement. In particular, the bent cylindrical mirror
(M3) is expected to focus the beam to about 20x35 pum?
in the full width at half maximum, including the effects
of mirror slope error. This is good for focusing an entire
beam at ~20 keV without losses, and will allow most
experiments to be performed. Focusing to smaller size,
~5 microns or less, is expected, and is under
consideration, though it will reduce the flux onto the

sample.
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The paper has introduced the RIKEN Quantum
NanoDynamics beamline, BL43LXU, discussing the
main capabilities and over-all design. Science at the
beamline will (1) directly build on the studies of atomic
dynamics at BL35XU, and (2) enter the new field of
high-resolution measurement of electronic excitations.
Directions of work in the first category include phonons
in larger-unit-cell correlated materials where both good
momentum and good energy resolution are required,
extreme and geologically relevant environments
(including high-pressure and high temperature conditions
in diamond anvil cells), atomic dynamics associated with
liquid phase transitions, and the detailed behavior of the
atomic dynamics of glasses. All of these fields are now
limited by count-rate at present instruments, and their
extension, and the path to new and important data at
BL43LXU, is relatively straightforward. In addition, the
high-resolution measurements of electronic dynamics
(with demonstration experiments recently done) will
provide a window into new science, with one target
being dispersion of low-energy electronic excitations
such as orbitons, and another being the details of
structure of electronic transitions, including extending
investigations of features known from more conventional
spectroscopic methods (IR, oprical, Raman) to higher

momentum transfers.
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1. SPIN polarized high resolution HArd Xray Photo
Emission Spectroscopy (SPINHAXPES)

EBRETEL Claudia Felser
(Hi&) (Johannes Gutenberg-University, Mainz)

PRI OFREE 7 | 2008A0017
e BL47XU

Al il A 3AEHZERET 5

(R % >~ b)

The aim of this proposal is to develop spin polarized
high-resolution hard x-ray photoemission spectroscopy
(SPINHXAPES), which can play an important role in the
fields of science and technology. The original plan
contained two experimental developments as the main
work: installation of a phase retarder and development of
a new multi channel spin detector. The phase retarder has
been successfully installed in the beamline and several
MCD data from core level photoelectron spectra have
been already obtained. The plan for the spin detector has
been changed due to difficulties during transportation of
the detector from Europe to SPring-8, but now a new
detector is in SPring-8 and measurements using it is
scheduled in 2009B. The group has also found that a
usage of a thin film increases the photoelectron intensity
and therefore may compensate the extremely low
intensity throughput of a spin detector. Expecting that the
group can obtain new data providing deep insight into

the spin resolved electronic structure of magnetic
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materials and spintronics devices using these techniques,
the review committee concludes that it is appropriate to
give another year for this long-term project. On the other
hand, the review committee strongly requests to the
group for publishing papers within the period of this

long-term project.

O 2 )

[1] G. H. Fecher, B. Balke, S. Ouardi, C. Felser, G.
Schonhense, E. Ikenaga, Jung-J. Kim, S. Ueda and K.
Kobayashi, High energy, high resolution photoelectron
spectroscopy of Co,Mn,_ Fe Si, J. Phys. D: Appl.
Phys. 40 (2007) 1576-1581.

[2] B.Balke, G. H. Fecher, H. C. Kandpal and C. Felser,
Properties of the quaternary half-metal-type Heusler
alloy Co,Mn,_Fe Si, Phys. Rev. B 74 (2006) 104405.

[3] A. Gloskovskii, S. Ouardi, X. Kozina, G. Stryganyuk,
G. H. Fecher and C. Felser, Hard X-ray photoelectron
spectroscopy of Heusler materials, DPG Spring
Meeting 2009, Technische Universitdt Dresden,
Dresden March 22-27, Germany.

[4] G. Stryganyuk, S. Ouardi, X. Kozina, A. Gloskovskii,
G. H. Fecher, C. Felser, M. Hahn, G. Schonhense, M.
Yamamoto, K. Inomata, E. Tkenaga and K. Kobayashi,
Spin-resolved HAXPES technique for the investigation
of new spintronic materials, DPG Spring Meeting
2009, Technische Universitit Dresden, Dresden March
22-27, Germany.

[5] S.Chadov, G. H. Fecher, C. Felser, J. Minar, J. Braun
and H. Ebert, Electron correlations in Co,Mn,_ Fe, Si
Heusler compounds, J. Phys. D: Appl. Phys. 42
(2009) 084002.

[6] G.H. Fecher, C. Felser and K. Kobayashi, Detection of
the Valance Band in Buried Co,MnSi-MgO Tunnel
Junctions by Means of Hard X-Ray Photoemission
Spectroscopy, SPring-8 Research Frontiers 2008,
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2. Structure Study of Regulated Intramembrane
Proteolysis

EEFETEHS (F18) | Nieng Yan (Tsinghua University)
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E—LT4 > BL41XU. BL38Bl1

Al A A SHEHZFEMT S

(REAli 2 % > 1)

It is notable that the structures of several important
membrane proteins have been obtained since this project
started. These are all challenging studies and the scientific
level is outstanding. The papers are all published in
journals with high impact factors. This demonstrates the
ability of the researchers to carry out high-level science.
On the other hand, the relationship between these scientific
achievements and the purpose of the proposed project is
not clear.

The study on S2P published in PNAS has a large scientific
impact and is considered to be central to this proposal.
However, it is rather disappointing that only the structure of
the cytoplasmic domain of S2P has been solved. Although
this may not have been the case in this particular study, a
cytoplasmic domain is generally easier to crystallize than
the entire membrane protein and thus its scientific impact is
lower. The goal of this project should be crystallization and
structural determination of the entire S2P molecule. This
will reveal how the cytoplasmic domain PDZ2 affects the
catalytic domain and facilitate understanding the
mechanism of regulated intramembrane proteolysis.

Since the regulated intramembrane proteolysis is of great
biological significance, we recommend continuation of the
study following the plan in the original proposal for
another year. We look forward to structural determination
of S2P and SPP.

SR A M)

[1] Xiang Gao, Lijun Zhou, Xuyao Jiao, Feiran Lu,
Chuangye Yan, Xin Zeng, Jiawei Wang and Yigong
Shi. (2009) Structural Basis of Substrate
Recognition and Transport by the Amino Acid
Antiporter AdiC. Nature (AIP).

[2] Yi Wang, Yongjian Huang, Jiawei Wang, Chao
Cheng, Weijiao Huang, Peilong Lu, Ya-Nan Xu,

[3]

[4]

[5]

6]

[7]

Pengye Wang, Nieng Yan* and Yigong Shi*.
(2009) Structure of the formate transporter FocA
reveals a pentameric aquaporin-like channel.
Nature. (Article, in press) (* indicates co-
corresponding author).

Ping Yin, He Fan, Qi Hao, Xiaoqiu Yuan, Jiawei
Wang and Nieng Yan. (2009) Structural Insights
into the mechanism of Abscisic acid signaling by
PYL proteins. Nature Structural & Molecular
Biology (Epub: Nov 5%, 2009).

Feng Wang, Ziqing Mei, Yutao Qi, Chuangye Yan,
Siheng Xiang, Zhiyuan Zhou, Qi Hu, Jiawei Wang
and Yigong Shi. (2009) Crystal structure of the
MecA degradation tag. JBC [Epub ahead of print:
Oct 2, 2009].

Xiaochun Li, Boyuan Wang, Lihui Feng, Hui Kang,
Yang Qi, Jiawei Wang and Yigong Shi. (2009)
Cleavage of RseA by RseP requires a carboxyl-
terminal hydrophobic amino acid following DegS
cleavage. PNAS 106: 14837-42 [Epub:Aug 17,
2009].

Xiang Gao, Feiran Lu, Lijun Zhou, Shangyu Dang,
Linfeng Sun, Xiaochun Li, Jiawei Wang and
Yigong Shi. (2009) Structure and mechanism of an
amino acid antiporter. Science 324:1565-8 [Epub:
May 28, 2009].

Xu Zhang, Jiawei Wang, Chao Fan, Husheng Li,
Honghong Sun, Shunyou Gong, Youhai Chen and
Yigong Shi. (2009) Crystal structure of TIPE2
provides insights into immune homeostasis. Nature
Structural & Molecular Biology 16: 89-90 [Epub:
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Beamline Name P”g:'rfcgse ~1999| 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | total
BLO1B1 | XAFS (1997.10) 16 17 34 24 20 19 29 35 26 34 31 285
BL02B1 | Single Crystal Structure Analysis (1997.10) 7 3 9 15 15 1 13 10 7 7 6 103
BLO2B2 | Powder Diffraction (1999. 9) 13 26 35 46 43 42 41 44 47 39 376
BL04B1 | High Temperature and High Pressure Research (1997.10) 7 9 13 17 8 22 12 8 11 10 10 127
BLO4B2 | High Energy X-ray Diffraction (1999. 9) 6 15 8 18 12 20 37 17 20 153
BLOSW | High Energy Inelastic Scattering (1997.10) 7 4 14 5 10 9 10 17 14 6 6 102
BLO9XU | Nuclear Resonant Scattering (1997.10) 5 5 4 10 13 7 6 11 9 10 7 87
BL10XU: High Pressure Research (1997.10) 12 12 20 21 19 20 29 17 28 26 17 221
BL13XU | Surface and Interface Structure (2001. 9) 7 12 20 15 19 25 13 111
BL14B2 | Engineering Science Research Il (2007. 9) 1 5 6
2 BL19B2 Engineering Science Research I (2001.11) 6 14 20 17 9 11 13 90
£ | BL20B2 | Medical and Imaging I (1999. 9) 5 14 16 12 25 11 15 10 18 8 134
g BL20XU | Medical and Imaging Il (2001. 9) 2 13 4 7 9| 17| 23| 16 91
E°n> BL25SU Soft X-ray Spectroscopy of Solid (1998. 4) 8 14 17 23 13 31 39 17 31 21 7 221
© | BL27SU: Soft X-ray Photochemistry (1998. 5) 5 8 10 19 17 25 43 38 22 31 1 229
g BL28B2 | White Beam X-ray Diffraction (1999. 9) 1 1 1 9 7 8 6 9 9 10 61
0 | BL35XU . High Resolution Inelastic Scattering (2001. 9) 1 2 5 8 5 3 13 19 4 60
BL37XU ! Trace Element Analysis (2002.11) 1 12 11 9 12 8 5 58
BL38B1 | Structural Biology I (2000.10) 1 4 13 27 33 42 27 26 21 194
BL39XU: Magnetic Materials (1997.10) 12 7 18 5 1 16 10 10 18 12 20 139
BL40B2 | Structural Biology I (1999. 9) 1 16 24 30 31 31 27 37 19 19 235
BL40XU | High Flux (2000. 4) 1 1 3 3 3 9 9 12 13 9 8 71
BL41XU: Structural Biology T (1997.10) 15 14 21 30 35 54 55 53 53 49 49 428
BL43IR | Infrared Materials Science (2000. 4) 5 1 5 6 10 5 7 12 4 55
BL46XU | Engineering Science Research Il (2000.11) 1 3 6 3 8 11 5 14 6 57
BL47XU ! HXPES - MCT (1997.10) 6 9 13 9 6 17 24 25 19 18 18 164
BL11XU : Quantum Dynamics (1999. 3) 3 3 1 1 2 1 4 15
E BL14B1 | Materials Science (1998. 4) 2 2 9 5 1 3 3 5 3 33
5w BL15XU§ WEBRAM (2002. 9) 4 4 8 6 5 27
% 2| BL17SU; RIKEN Coherent Soft X-ray Spectroscopy (2005. 9) 1 2 3 6
@ °E | BLI9LXU| RIKEN SR Physics (2002. 9) 1 3 1 5
3 8 BL22XU ! Quantum Structural Science (2004. 9) 1 3 1 5
= P [ BL23SU|_Actinide Science (1998. 6) 1 2| 1 4] 2| 4] of 8] 3 34
e~ BL29XU: RIKEN Coherent X-ray Optics (2002. 9) 1 1 3 1 1 7
BL44B2 : RIKEN Structural Biology II (1998. 5) 1 2 2 1 2 3 1
BL45XU | RIKEN Structural Biology 1 (1997.10) 1 2 6 5 9 11 5 6 10 2 3 60
Subtotal 103 | 130 | 259 | 302 | 354 | 473 | 521 | 508 | 529 | 502 | 380 | 4061
BLO8B2 | Hyogo Prefecture BM (2005. 9) 0
BL11XU | Quantum Dynamics 2 3 3 2 3 7 7 7 ikl 5 5 55
BL12B2 | NSRRC BM (2001. 9) 1 3| 16| 20| 22 3 2 67
» BL12XU! NSRRC ID (2003. 2) 1 5 6 6 8 5 31
2 | BL14B1 | Materials Science 2 2 4 7 5 7 5 4 4 11 4 55
‘E | BL15XU! WEBRAM (2001. 4) 3| 15| 12 4 3| 13| 10| 16| 25| 101
8 BL16B2 | Sunbeam BM (1999. 9) 9 3 1 1 2 7 3 2 4 32
g BL16XU! Sunbeam ID (1999. 9) 1 1 1 1 4 4 6 2 2 3 25
& | BL22XU ! Quantum Structural Science 1 3 12 9 3 3 31
g BL23SU ! Actinide Science 3 2 13 1 1 13 5 6 5 1 12 92
O | BL24XU! Hyogo Prefecture ID (1998.10) 5 13 21 18 12 " 8 6 12 5 4 115
BL32B2 | Pharmaceutical Industry (2002. 9) 6 3 2 3 6 1 21
BL33LEP: Laser-Electron Photon (2000.10) 4 3 3 2 1 13
BL44XU: Macromolecular Assemblies (2000. 2) 1 9 12 17 26 31 21 12 16 145
Subtotal 16 24 59 71 75 91 93 | 103 88 81 82 | 783
» | BL178U; Coherent Soft X-ray Spectroscopy 2 5 4 7 17 13 48
_qg’ BL19LXU: SR Physics 1 4 3 2 1 6 1 12 5 5 60
E BL26B1 | Structural Genomics T 2 18 35 22 19 21 6 123
& | BL26B2 : Structural Genomics Il 1 5 4 6 6 18 4 44
E BL29XU | Coherent X-ray Optics 2 15 10 18 1 12 5 12 15 6 106
¥ | BL44B2 i Structural Biology II 4 13 19 20 29 22 19 17 19 14 5 181
O | BL45XU | Structural Biology T 7 17 16 14 21 20 17 16 13 14 4 159
Subtotal 12 32 54 47 73 89 98 81 88 104 43 721

[ Rardware 7 Software R & D 121 ] 12| 69 20| 26] 22 19 24| 5] 6| 6] 330]

| NET Sum Total | 222 | 183 | 371 | 372 | 442 | 579 | 629 | 592 | 626 | 598 | 451 | 5065 |
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WTHY, SHERSNDABEMP S T,
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Beamline Name Puglilr?CLere R&;grggd Proceedings pub(ﬁg;?izns Total
BLO1B1 | XAFS (1997.10) 285 42 42 369
BL0O2B1 | Single Crystal Structure Analysis (1997.10) 103 14 19 136
BL02B2 3 Powder Diffraction (1999. 9) 376 21 51 448
BLO4B1 | High Temperature and High Pressure Research (1997.10) 127 11 29 167
BL04B2 | High Energy X-ray Diffraction (1999. 9) 153 9 24 186
BLO8W ' High Energy Inelastic Scattering (1997.10) 102 7 31 140
BLO9XU | Nuclear Resonant Scattering (1997.10) 87 15 20 122
BL10XU ! High Pressure Research (1997.10) 221 14 37 272
BL13XU | Surface and Interface Structure (2001. 9) 111 8 27 146
BL14B2 | Engineering Science Research II (2007. 9) 6 3 3 12
» BL19B2 ! Engineering Science Research T (2001.11) 90 32 38 160
_E BL20B2 | Medical and Imaging I (1999. 9) 134 51 49 234
% BL20XU | Medical and Imaging Il (2001. 9) 91 57 39 187
g BL25SU | Soft X-ray Spectroscopy of Solid (1998. 4) 221 7 29 257
o BL27SU | Soft X-ray Photochemistry (1998. 5) 229 14 20 263
g BL28B2 | White Beam X-ray Diffraction (1999. 9) 61 14 14 89
o | BL35XU | High Resolution Inelastic Scattering (2001. 9) 60 6 5 71
BL37XU | Trace Element Analysis (2002.11) 58 12 26 96
BL38B1 | Structural Biology Il (2000.10) 194 10 21 225
BL39XU | Magnetic Materials (1997.10) 139 14 47 200
BL40B2 ! Structural Biology Il (1999. 9) 235 9 45 289
BL40XU | High Flux (2000. 4) 71 13 34 118
BL41XU | Structural Biology T (1997.10) 428 3 48 479
BL43IR | Infrared Materials Science (2000. 4) 55 10 27 92
BL46XU | Engineering Science Research Il (2000.11) 57 10 9 76
BL47XU | HXPES - MCT (1997.10) 164 80 67 311
BL11XU | Quantum Dynamics (1999. 3) 15 2 2 19
E BL14B1 | Materials Science (1998. 4) 33 1 8 42
O BL15XU | WEBRAM (2002. 9) 27 17 11 55
w _“E’ BL17SU | RIKEN Coherent Soft X-ray Spectroscopy  (2005. 9) 6 1 7
@ €| BL19LXU i RIKEN SR Physics (2002. 9) 5 1 6
3 S| BL22XU i Quantum Structural Science (2004. 9) 5 2 7
201812350 | Actinide Science (1998. 6) 34 5 10 49
T BL29XU | RIKEN Coherent X-ray Optics (2002. 9) 7 1 8
BL44B2 | RIKEN Structural Biology II (1998. 5) 1 3 14
BL45XU | RIKEN Structural Biology I (1997.10) 60 5 10 75
Subtotal 4061 516 850 5427
BLO8B2 : Hyogo Prefecture BM (2005. 9) 0
BL11XU | Quantum Dynamics 55 2 5 62
BL12B2 : NSRRC BM (2001. 9) 67 67
§ BL12XU | NSRRC ID (2003. 2) 31 5 36
E BL14B1 | Materials Science 55 12 20 87
8 BL15XU | WEBRAM (2001. 4) 101 4 16 121
i-i BL16B2 | Sunbeam BM (1999. 9) 32 8 35 75
S | BL16XU | Sunbeam ID (1999. 9) 25 6 30 61
*E BL22XU | Quantum Structural Science 31 1 3 35
S8 [BL23SU | Actinide Science 92 20 50 162
BL24XU : Hyogo Prefecture ID (1998.10) 115 15 39 169
BL32B2 | Pharmaceutical Industry (2002. 9) 21 3 24
BL33LEP : Laser-Electron Photon (2000.10) 13 22 3 38
BL44XU | Macromolecular Assemblies (2000. 2) 145 20 165
Subtotal 783 95 224 1102
o | BL17SU | Coherent Soft X-ray Spectroscopy 48 5 5 58
2 | BL19LXU | SR Physics 60 4 15 79
E BL26B1 | Structural Genomics I 123 1 16 140
& | BL26B2 : Structural Genomics Il 44 1 9 54
z BL29XU ! Coherent X-ray Optics 106 22 19 147
¥ | BL44B2  Structural Biology Il 181 3 14 198
O ['BL45XU | Structural Biology 1 159 5 37 201
Subtotal 721 41 115 877

| Hardware / Software R & D | 330 \ 388 \ 372 | 1090 |

| NET Sum Total | 5065 \ 900 | 1160 | 7125 |

Refereed Papers : BB V) DEREEZEHRL . EHBEW D TOL —FT 1 > J EHELHY

Proceedings : & LO7OY—F 127

Other publications : SERWX P HR T, LEEDZDICH TR ESHVHD M. BITA B, Z2OMe L TEHFEINZHOD)
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