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Progresses in Developing the SSRF Linac and Related Researches

ZHAO Minghua, Division of Linear Accelerators

The Division is mainly to develop the SSRF linac and
ensure the specified beam parameters of the accelerator.
For beam dynamics of the linac, especially interactions
among the electron bunches, and the self fields and the
external fields, are considered carefully to minimize the
beam quality degradation. In addition, techniques of
various types of the electron gun and radiofrequency
structures are developed to meet the requirements on the
electron beam for existing and future facilities. The re-
search programs are not only for the pre-injector of the
third generation light source, but also for the high per-
formance linac of the next generation light source.

In 2007-2008, the 150 MeV linac of SSRF was in-
stalled and commissioned to its design specifications
within the time schedule and the project budget. The
photocathode RF gun test bench, a project supported by
the Nature Science Foundation of China (NSFC), was
completed. And R&D efforts were made on key techniques
related to linac developments.

1 The SSRF linac

Fig.1 The linac of SSRF.

Initially, the linac was designed as a 100 MeV linac,
with a thermionic injector and 4 accelerating tubes of
modified SLAC type, supplied by a 45 MW klystron. It has
two operation modes: the single pulse mode and
multi-pulse mode, and this meets the requirements of
different filling patterns of the storage ring. Considering
the top-up operation of SSRF, one should make the
working frequency of the linac accelerating structures to
exact multiple of the main RF frequency of the storage ring,
so as to simplify the timing system and minimize the beam
loss and radiation dose. In order to improve stability of the
booster during the ramping process, especially in the
injection period, the linac energy was increased to 150
MeV in the revised design, which is the initial design plus
basically one more 45 MW klystron.

Installation of the linac was started in November 2006.
The four accelerating tubes were installed in January 2007,
and in March installations in the linac tunnel were com-
pleted. Figure 1 shows the linac in the tunnel, with the

electron gun on the right. The microwave system based on
two 45 MW Kklystrons were installed and accepted in
January 2007, and the waveguide system connecting the
accelerating structures and klystrons was completed. In
April and May, we did the high voltage conditioning of the
electron gun, and high power conditioning of the
waveguide system and accelerating structures. By the end
of May, all the joint sub-system commissioning had been
successfully finished.

On May 14, 2007 commissioning of the linac started
and electron beams at 130 MeV were transported to the
end of the linac, indicating a good alignment of the tunnel
installation, and good performance of the components. In
three months of commissioning, beam parameters of the
linac in two operation modes achieved the design speci-
fications, as shown in Table 1.

On October 1, 2007, the beam was injected into the
booster successfully and a high efficient of over 80% was
achieved. As of the end of 2008, the linac was in operation
for over 7000 h, with a down time of less than 70 h.

Table 1 The measured beam parameters

Parameters Single bunch mode Multi bunch mode
Energy / MeV 157.57 156.88

Beam length / ns 0.092* 189.77

Beam charge / nC 1.07 3.53

Energy stability / % 0.093 0.11%

Energy spread / %(RMS) 0.31 0.34

Normalized emittance H: 40.5/V: 47.1 H: 46.2/V: 48.8

/ mm- mrad

The photocathode RF gun test bench

The photocathode RF gun test bench is a sub-project of
the NSFC project of Research on Key Technology of the
Deep Ultraviolet Free Electron Laser, for integrating and
commissioning the DUFEL system, measuring the electron
beam parameters, and starting experiments on high
brightness electron sources for the high gain FEL. In 2004,
after the mid-term review, this project was moved to SI-
NAP for the system integration and commissioning.

The test bench consists of a photocathode RF gun, a
driver laser system, and a 30 MW RF power system based
on a pulsed klystron, plus the beam diagnostics and other
accessories (Fig. 2). The photocathode RF gun is based on
the design of BNL 1V type 1.6 cell gun made by Tsinghua
University. The gun is equipped with a copper cathode,
which requires an ultraviolet laser of tens of micro-joules in
pulse energy, so as to produce enough charge for the
experiments. Considering the transportation loss, the
shaping and the correction in the transverse space, and
the stability and reliability operation, a commercial YLF
laser of 200 ] in pulse energy was chosen. Because of the
importance of validating the electron beam parameters,



various beam instrumentations were adopted to measure
the parameters. In addition to devices for measuring the
energy, charge and profile of the beams, the pepper-port
and the RF deflecting structure were used to measure

emittance of the space-charge dominated beams and the
bunch length in pico-seconds. To synchronize these de-
vices, a timing system with an ns slow synchronizer and ps
fast synchronizer was established.

Fig.2 The beam line of the photocathode RF gun test bench.

The test bench was installed in August and September
2007 in the existing 100 MeV linac tunnel, followed by two
months of conditioning the high power transfer line and the
RF gun. In February and March of 2008, the first phase
commissioning of the photocathode RF gun was conducted,
and the dark current, beam current and beam energy were
measured. The result showed that quantum efficiency of
the Chinese-made copper was about 2 times higher than
that in international literatures, but this was also the main
reason of the higher dark current. After the tunnel was
available again in May, all the beam parameters except the
bunch length were measured. In November, the RF de-
flecting structure from Institute of High Energy Physics,
Chinese Academy of Sciences was installed and conditioned
to its working field. With this powerful tool, the bunch
length was measured. The entire parameters of electron
beam of the photocathode RF gun are as follows.

Bunch charge 30° 0.6 nC

90° 1.1 nC
Beam energy 4.2 MeV
Normalized emittance 4.1 mm'mrad
Bunch length (RMS) 5.1 ps

Other research activities

The cavity beam position monitor (CBPM) has much
higher sensitivity and accuracy than traditional BPMs, and is
the most powerful instrument for aligning a linac-based

light source. A prototype CBPM was developed and tested
on the photocathode RF gun test bench. The first results
are encouraging and further researches on the CBPM are
under way.

With high gradient accelerating structures, a linac can
be more compact, hence less cost. A proposal for R&D of a
high gradient C-band accelerating structure has been ap-
proved, and the design of a constant gradient structure with
low field coupler has been started.

A high power high brightness gun based on high
voltage DC and photocathode technology is the key com-
ponent for future high power FELs and ERLs. A conceptual
design of a 350 kV DC gun and its test bench has been
started, aimed at its application on the future FIR-ERL
project in Shanghai.

In the electron gun laboratory, a platform will be es-
tablished to test key technologies and components, such as
ultra high voltage/field, surface processing, cathode
preparation and measurement, and high power beam
generation, transportation and measurement.

In the microwave measurement laboratory, a platform
will be established to measure radiofrequency structure for
accelerating and diagnosing the beams.

Efforts have been made towards constructing the li-
nac-based high gain free electron laser test facility —
Shanghai Deep Ultraviolet Free Electron Laser (SDEUVFEL).
This will be the first step towards the soft and hard X-ray
free electron laser projects.
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SHEN Tianjian LI Rui

GUO Chunlong ZHU Shiming

Division of Power Supply

The Shanghai Synchrotron Radiation Facility (SSRF)
has hundreds of magnet power supplies, hamely 510 on the
storage ring, 54 on the booster, and 65 on the linac. All the
power supplies are in pulse width-modulated (PWM) mode
with insulated gate bipolar transistors (IGBT). High preci-
sion DC power supplies for the 40 dipole magnets of the
storage ring are rated at 840 A/800 V with a stability of
£2x107/8 h. The main windings of quadrupoles are excited
by chopper type power supplies, which are of a total of 200
sets. In the booster ring, two sets of dynamic power supply
for the dipoles, and two sets for quadrupoles, run at the

Digital Power Supplies
and Their Controller

of the Storage Ring

biased 2 Hz quasi sinusoidal wave. All the power supplies
work with digital power supply controllers designed by PSI
or SINAP. And the power supplies were made in China by
qualified manufacturers.

The construction of the SSRF power supply system for
the magnet was finished in 2007. From tests of the power
supplies, and from the SSRF commissioning, the results
show that the entire magnet power supply system satisfies
the design specifications. During the SSRF operation of over
one year, the power supplies worked with high stability and
reliability.
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Pulsed Magnet Systems for SSRF Injection and Extraction

GUM CHENZH OUYANGLH LIUB YUANQB WANGRP WUYH
Division of Power Supply

The injector and storage ring of the Shanghai Syn-
chrotron Radiation Facility (SSRF) were built and commis-
sioned satisfactorily. For the booster injection and extrac-
tion, in-vacuum ferrite kicker magnets, eddy current septa
and 200 ms bump magnets are used, while injecting the
storage ring needs four identical kickers having ceramic
vacuum chamber and two septa coated with a sheet of
magnetic screening material to protect the stored beam
bunches from the magnetic fields. While the septa are
stressed on minimizing the field leakage, the four identical
kickers for storage ring injection are emphasized on
achieving the best possible tracking in time and amplitude
of the magnetic field waveforms, so as to minimize the
residual closed-orbit disturbance for top-up injection. The
test and commissioning results show that the injection and
extraction systems are highly reliable. The magnets, power
supplies and controllers work perfectly and excellent injec-
tion efficiency is achieved.

Booster Kicker

The booster kickers are in-vacuum ferrite kicker
magnets with window-frame core. The kicker pulser is
located near the kicker magnet in the tunnel. The thyratron
and PFL cable are main components of the pulser that
provides trapezoidal current pulses to excite the kicker
magnet.

Septa

The type of septum is eddy current shielded magnet.
Lengthways axis of the core is designed to follow the beam
trace so as to maximize the beam aperture and increase the
thickness of shielding sheet. The magnet is excited with a
60-ps pulse of half sine wave. A magnetic screen is placed
around the stored beam to minimize the septum leakage
field. At the maximum bumped beam position the leakage
field was measured at less than 50 uT-m.

Storage Ring Kicker

Four identical kickers with ceramic vacuum chamber
are installed at a long straight section of the SSRF storage
ring for symmetric bump up of the stored beam.

Booster Bumper

Three bump magnets are equipped at extraction sec-
tion of the booster. C-shaped frame core enables easy
installation outside the beam chamber. The magnets are
excited by half sine waves of 200-ms width to avoid field
attenuation when it passes through the metal vacuum
chamber. Each bumper is driven by a programmed DC
power supply.

Commissioning

The top-up injection is a prospective operation mode
for SSRF. High reliability and careful setting-up of the in-
jection are required. The residual orbit disturbance in hori-
zontal plane is reduced to about 100 pm by tuning the
kicker amplitude and trigger delay. By correcting the
kicker’s setting the vertical disturbance decreased to around
50 pm. This can be further lowered through fine tuning of
the whole system.
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The Electric Equipment Installation of SSRF

JIN] ZHANGHM GUCY GUHG CAODP MIAOGC
JINL ZHOUXH SHENZQ LIDM

Division of Power Supply

In constructing the linac, booster and storage ring of
SSREF, it is very important to take special cares, and to
adopt correct technologies, in installing the electric
equipment. These would not only bring visual pleasant-
ness of the accelerators, but also contribute to ensuring
performance, efficiency, reliability and safety of the entire
facility.

In 2007-2008, during installations of the three ac-
celerators, we completed the following tasks of electric
equipment installation:

Main cables* / pcs >100 000
Cable trays / m >3000
Equipment cabinets /set ~500
Valves and flow splitters /set >4000
Water flow control switches /set >600
Temperature-monitoring probes /set >700
Plexiglass covers / set 432

* not including cables in cabinets

Basically, the electric equipment installations have
been proved good during the accelerator operations.
However, problems were found. Most of the problems
were solved, and solutions are being worked out to tackle
the other problems.

In order to ensure stable and reliable operation of
SSRF, and to reduce the failure rate for extended hours of
continuous operation, we shall make even more efforts to
optimize technological design of the equipment installa-
tion, and to improve ourselves in operation and mainte-
nance of the facility.

11



AL 2 S EHIH A
SRR SERIBAN A

SRR 5 2 S R A v TR s e ik
TR . EETAEA: s oA U aa il
e RERG AT A, Bk &l 2 it
AN RIS, 37 B R A MR Sk, 36 20
ERER OB ES @ N S N 5 % NI Wi B ) B
HIERR SN o 2007-2008 4, ASEBLE R EIR L
SDUVFEL 2 B A il U i B e

y )R
1 SSRF #Z=#| R EGEENT

SSRF 4| 245 Je 5 T EPICS R 4% & b2
IR A0 3 R B o A IR S R G Wi
ALY RS RH VME 64X 45, PLCs LM
LIRS EE g, B RS ge F CLEE 8 1 ik
2 UL RE T Ay, ORI e 4 T R G Y 24 3
P R il . ok MFENLE G B, 58
ARG R TE R SR, 32 B R EC b H P
At F e 24, LT UKW &6 R4
U, g s 7 /g ez, Boh, &k
T RGTF R SIBATIAEE, LKL T MatLab fnidi#s
T EA AR RN AR, B e s
FF g R S8 47 . @ T B E, ek
TAFERT HERSEIEN M RIINCE J&istr TR,
— AN SR ER AT RS T IR AR MR, %5 A
SR A S AT S AU SRR 1) XML $idh
KA, 5 &R TR T A

User OPI User OPI

Central Control Room
Phyics ‘Application Server‘ ‘ Local OPI ‘
Application
| Ethernet
‘ 10C ‘ ‘ 10C ‘ ‘ Soft I0C }7
A/D D/A I/O Ethernet
‘ Device ‘ ‘ Device ‘ ‘ Device ‘ ‘ Device ‘

Bl 1 SSRF #iil RGt 4 kR &
2 BRI RGINE
WAL T ORI RGN RSS2 RS B A

12

LTI (OPD) RGEAE W 95 I R G TT R B s AT M85
TERN G B A BT — IR P R G R AT R
AP R R ) TR o

SSRF #ih R M 4 AT 1000Base-T [ LLK
W, SR T TCAR BT AR G EEAN 1 ) R GE I 44 11
ALEENE, R TR L O o R A T I R 2k
Bilan, PLC REGAIET H L& Wil o E;
AR ) 2 480 255 ) 1) 8 93 1 % B 02 R N 9 i) 5% 46 9
%, ML IRENI Soft I0C £E %3 EPICS R4:
Bl R AMETIZ TOC WEE M B RSk
HPTA ) Soft 10C, 1] HEWRMFTA Soft 10C iz
Tl AEME LT b, AN RSG5 H VLAN (L
Je S I 8% ) 438 LA CRAH LIS T4, A 7 B A i
Jiti QOS5 Wit ) I RE ), FHrT J {5 7 3 b 7 4 DA
J KNGy A (4 o 3R 8 0 4% 3 11

¥t »

3 BRHRE

SSRF #51fil #%¢ K /il EPICS base 3.14.8.2, OPI
i T edm L HFI—LL Python B¥ prel ) JEIA K SZER
W, |- B EREE 46 ] Matlab version 2007a, Ik 23
T HAf (Accelerator Toolbox, AT) FlH A £F1E A 12
PN R A, JFHBECE T MCA Hl LabCA 1)
EPICS Vi In) T HAR S RGedER . 5L 1 Rk
Fas R, WG ARSI 10C FEL, fE4ir
THERS . BRIk 55 L& Oracle RAC %
FE&RSE. B OPI &%i}4151T Linux Fedora 7.

4 REEH

SO E N A < 39 9 s A Al A7 A I AT B2 47
IR G LRGN . R, BB
Aefr. AR REEGL T EAG
e N HLEs ORI EE . 58 T B O REA
RN HE R RSO SRR TAE, JFdL T
FOAURE RS AL, HURR IR VME #l
MMFESE R GHE NI — A B R &

SSRF FHil R Gt — N KB A A R 4
et FEILWRE. s TR 2 kA5 B
JRIENT T H T EPICS I AN R e, 58 st
#EH R E R ST, RAERIET. &
GURIL T KESCHEEOR, M, PRRERTSE. AR



S LR RS, BB RG24
S I R AT ) L KN TS AT RO T4 R b

R E4H
1 SSRF FRiZ W ARG H

I EUR RN R G S AT A . B SR R Tk
gL, X—ZRGER T ARREE R%, BRI
LB TAE R RGO R A ) B R AR
)y P E DUACR I e RS 25 2 AT RS,
258 AR 212 M A #EHZSI0C) LA &
AH Y. IR B0 SR AR A B R A A e BENISAT B AR 3R
95 T A OB BOR F b 38 08 B 50 I W TE FR AR (R
e,

%1 SSRF R RAMEAE—H

W% i SE
HE&m A YHEFE 100 pm 33 pm
SLIE L T =] IYHEF 200 um - 200 pm
Bk H A AHXREBE 2% 1%
e HMIHHEE 0.1%  0.1%
R AFGTRE S 10% 10%
B (VAL SRR 100 pm 50 pm
i A SYHER 200 um 200 pm
H Aoy IYHEE 50 pA 30 pA
TAER 53 HE% 0.001 0.001
(A SrHEFE 1 pm 200 nm
fits A SrHEE 10 pm 10 um
17 K SRR 2 ps 2 ps
R R PR 10 pA 2 pA
TAER 53 HE% 0.0001 0.0001

ARG AR D, B8 Sk B Ak
BPM 2%, 07 BPM {5 S AbFE 2%, [A)20 48]
THAL . BRI St kG P 32 o [ o iy )
AU ARSI ARG BN RN H .

fififF 3 BPM £k wih22% 7 HAR KEK Ot 1 T
], Y Diamond Y&l VAE Soleil Yo, FE[H
SPEAR3 %52 A LIa M sev i pl, % BE
BRI S DNENEH(@10 mm). /NER/
HLAS S BER] (0.3 mm). JARPE SMA $esk. HiE A
KA ALPE I Z548, 241 FL A AT feedthrough 343K
BRI T, S AR ELE 2R A 316 L ANEEANN
T, Mk R RGBT CARE R . WS
HARIIRE AL

13

BPM {5 ‘5 Ab#L 28 A 31 SCJE TV Instrumentation
Technologies A w] ¥ f #r — A F BPM Ak B %
Libera, DL AD(125 MHz) 1 FPGA 15 F A #%
L, FETAHFEACRAE . B7 PR, Br g AR
W, OO ORI 5 AT KA AR BT, TAEAN
[ o5 64 ADC 6803 (F MHz SRAE5) VI8 8l iR
AL EH R (MHz REER) PRSI 5 AL AL 2
(10 kHz RFFEZ) DU AV (10 Hz SRAf
), G EHRIRIERTE N 2% SRy 0 1
W o

TAETF AT LG B 2 1) A e B AR R 0
IS5 A, FH 2 (AR AH T A SRR T R
SFRIEE 23 HER AT 10 pum, R34S T I E fik A2 ER 1)
R LA R i AN R M (U e B A

R FHBC A S B ) s (A 1) R ot RGP N AT
F, X6 RF ity A A s it I8 S A T A i 1 DAy
MAREE R . R R G 2 R Bl A g e v 5|
JEC PRI 1) 4035 A1 W AR L, I L &F T 40 dB,
SEAEAF R IB AT R G AN ] D (1) B 1 R 58
Z
it A A B A i f B BPM 2K A
SERG B R AR K IS 5 SRR AR,
TR BRSPS SRR 42 1 5] 10 bits/400 GHz
KPS P A 0 PR FEETE 0.1%

2 SDUVFEL £EBXRNAFRER AR

B4 SDUV FEL %' 4540 B35 . 24 [A) /N
(RE R, JEAT T AR SR /N Bk LR T AR Y 1
W # s il s S OB R (WA 5T, popin A8, THI AN 2%
FERLS LAY UK AR kg R 37 6 28 1 o 504k SR 4R
REGFEHLEE, LS50 = MR AT 2 3 b i HobR
HIPERREIKR
S 3k

SSRF & i#t#, SINAP-Report/20042-6

2 http://www.ssrf.ac.cn

3 J Odagiri, et al. EPICS Devices/Driver Support Modules for
Network-based Intelligent Controllers, Proc ICALEPCS 2003,
494-496A N

4 http://www.aps.anl.gov/epics/

5 Leng Y B, et al. Beam Instrumentation System Development
and Commissioning in SSRF, Proc EPAC08

6 Chen Y Z, et al. “SSRF Injector Diagnostics commissioning
results”, Proc EPAC08



Beam Instrumentation and Control

LENG Yongbin, Division of Beam Instrumentation and Control

The division focuses on developing advanced tech-
nologies for accelerator control and beam diagnostics. The
research programs include R&D of distributed accelerator
control system architecture, advanced generic device con-
trollers, novel sensors of electron beams, DSP based beam
diagnostics technologies, new diagnostics method, etc. In
2007 -2008, the following targets have been achieved in
the construction of SSRF and SINAP SDUVFEL facility.

The Control Group

1 Introduction

The SSRF control system is an EPICS-based hierar-
chical standard accelerator control system. The VME 64X
system and PLCs are used for low level devices control and
interlocks system. Serial device servers are used to connect
serial devices and instrumentation to the Ethernet. System
development environment of hardware and software has
been set up. Models of most of sub-systems have been set
up and tested with devices on schedule, such as the digital
power supply control system and event-timing system™.
The control system has been working satisfactorily even
since its installation on the SSRF?, The high level physical
application environment has been established and tested
online using Matlab Accelerator Toolbox (AT) and the mid-
dle layer. The SSRF central database and a series of tools,
such as configuring tools and alarming handler, have been
completed. An enhanced distributed archive engine, which
stores data to the central database and using native XML
data type with xml schema for data storage, is under test.

User OPL User OPL

Central Control Room ‘ ‘

; Application Server‘ ‘ Local OPI ‘
OPI Phyics ‘
Application
| Ethernet
‘ 10C ‘ ’ 10C ‘ ‘ Soft I0C }7
A/D D/A 1/0 Ethernet
‘ Device ‘ ‘ Device ‘ ‘ Device ‘--- ‘ Device ‘

Fig.1 The schema of SSRF control system.

2 The Environment

A runtime environment of the control system has been
established and in use. It consists of the network system,
server system and OPI system. A developer or operator can
login in on any terminal and share resources of the entire
environment under one account system.

SSRF uses the 1000Base-T control network. The
backbone redundancy design was adopted to ensure the
network reliability, and to eliminate field buses for most
device controllers. For example, most of the PLC and serial
based devices (using protocol translate: serial to Ethernet
translator) are connected by the control network directly
and integrate with EPICS using soft I0C, which can be
managed by multi-IOC running configuring system®!. The
network design is with separate sub-systems to different
subnet by VLAN (Virtual Local Area Network), which can be
divided and recombined conveniently and flexibly.

3 Software system

The SSRF control system runs on EPICS base 3.14.8.2,
and the edm and some strip by Python are used in OPI',
Matlab version 2007a, Accelerator Toolbox (AT) & middle
layer AT, is used for high level physics application, and
MCA/LabCA is used for the control system access. A center
server system, together with a series of center services,
such as the IOC management system, e-log system, archive
and an Oracle 10g system with RAC, is established. The
entire OPI system runs on the Linux Fedora 7.

4 Device control

Installation of the device control systems for the linac,
booster and storage ring, including the systems for power
supplies control, vacuum control, injection/extraction con-
trol, timing and machine protection, having been installed
and tested online, are in their uses in the SSRF daily op-
erations. In addition, the insertion device control systems,
and temperature-monitoring systems of the cable channels,
the VME crate monitoring systems, and the audio and video
monitoring systems, were completed, and they have been
working satisfactorily.

As a large scale real time control system under a high
interference working environment, the SSRF control system
has been in reliable and stable operation in 2007-2008.
Adopting various advanced digital processing systems (such
as digital power supplies controller, digital BPM module,
digital timing system, digital phasing control etc.), it works
effectively with improved accuracy of data measurements
without interference. The design of the SSRF control system,
integrated a number of advanced computer techniques,
such as the XML engine configuration and soft-IOC used for
PLC with EPICS. Being cost-effective with good reliability
and stability, the entire system provides a good readiness
for commissioning the SSRF, and for completion of the SSRF
project on time and in budget in the year of 2009.



The Beam Instrumentation Group

1 R&D of SSRF beam diagnostics systems

The beam diagnostics systems for the linac, transport
lines, booster and storage Ring of SSRF are of a
multi-functional electron beam diagnostics systems, cov-
ering the beam position monitors (BPM), tune monitors,
average beam current (bunch charge) monitors, beam
profile monitors, bunch length monitors, beam energy
spectrum monitors, emmitance monitors, transverse
feedback etc., and consisting of 258 beam sensors, 212
input/output controllers (I0C) and associate data acquisi-
tion software. After four years of development, all design
goals have been achieved as shown in Table 1 9],

Table 1 Design specifications of the SSRF beam diagnostics
systems, and results achieved in their commissioning.

Systems Measurement Specifications | Achieved
Position 100 pm 33 um
LINAC Profile 200 pm 200 pm
/LTB Charge 2% 1%
/BTS Energy 0.1% 0.1%
Emmittance 10% 10%
Position 100 pm 50 pm
Booster Profile 200 pm 200 pm
Average Current | 50 pA 30 pA
Tune 0.001 0.001
Position 1pum 200 nm
Profile 10 pm 10 pm
Storage
Ring Length 2 ps 2 ps
Average Current | 10 pA 2 UA
Tune 0.0001 0.0001

In construction of the beam diagnostics system, many
advanced beam diagnostics techniques, such as high pre-
cision button type BPM pickup, digital BPM processor, syn-
chrotron radiation interferometer, digital transverse feed-
back, high precision bunch-by-bunch beam charge meas-
urement etc., were adopted after considerable evaluations
of existing techniques for beam diagnostics.

The button pickup assembly is the most critical com-
ponent in the ring BPM and orbit feedback system. For
better installation accuracy and lower magnetic permeabil-
ity, the pickup assembly is designed in a pair-button
structure of titanium electrodes, two feedthroughs of 50 Q
SMA, and a 316L stainless steel housing flange. The cou-
pling impedance is minimized by using the small-size button
(@10 mm) and small gap (0.3 mm) between the button and
housing.

The beam position monitor system is fully equipped
with Libera EBPM processors. It provides the raw ADC data,
turn-by-turn (694 kHz @ ring) data, fast application (10 kHz)
data and close orbit (10 Hz) data at the same time, and is

15

the most powerful tools during the commissioning and
machine study of SSRF.

Synchrotron radiations to the beamlines were diag-
nosed with visible light. This includes the following five
diagnostics measurements: a normal imaging system to
monitor electron beam profile; two SR interferometers
(horizontal and vertical) to do the precise beam size
measurement; a 2D streak camera (HAMAMAZU C5680) for
bunch length measurement and multi-bunch instability
study; and a fast gated camera (gate width 3 ns) for injec-
tion optimization. The imaging system and interferometers,
having been commissioned, are ready for regular operation.
Results of high current (over 30 mA) beam tests showed
that the beam size measurement deviation is about 1 pm.
The beam size blowup introduced by small gap of insertion
devices could be observed clearly in the measurements.

The FPGA-based digital transverse feedback system
was implemented and applied to the storage ring. The
current thresholds of instability of the ring were around 45
mA @ vertical and 190 mA @ horizontal, respectively. After
applying the transverse feedback, the beam size could be
minimized down to normal level. An over 40 dB attenuation
of betatron oscillation was achieved, according to beam
spectrum calculation from the Libera turn-by-turn data.

Dedicated ring BPM pickups were used to measure
bunch-by-bunch beam charge. A PXI-based waveform
recorder card (10 bits, 8 GHz sampling rate) was used to
acquire the bunch charge data. Appling a new waveform
reconstruction algorithm, the equivalent sampling rate of
DAQ could be 400 GHz. With this configuration, the bunch
charge resolution of 0.1% has been achieved.

2 R&D of SINAP SDUVFEL BI system

Due to compact design and limited installation space of
SINAP SDUVFEL facility, the beam instrumentation group
has been working on beam sensors minimization and de-
velopment of LAN-based device controller. Laboratory tests
of prototype pop-in profile monitor and DAQ system, which
is based on industrial Ethernet field bus, indicate that they
are fully qualified for the FEL facility.
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Progresses in Mechanical Engineering for the SSRF Project

YIN Lixin, Division of Mechanical Engineering

The Mechanical Engineering Division has made great
efforts in the research and development of the insertion
devices, and installation and commissioning of the cryo-

genic system of the SSRF project.

In 2007, during commissioning of the liquid-helium
cryogenic system, the equipment went wrong twice. In
2008, the warm helium pipelines were redesigned, and the
construction was conducted according to standard of
cleaning gas pipelines. With ensured cleanliness of the
pipelines through quality control of the entire construction
process, the cryogenic system commissioning was started
in mid March, and the refrigerating specifications were
achieved at the end of April. In August, the cryogenic sys-
tem started to provide refrigerating power to the su-
per-conducting RF cavities, and it has been in stable op-
eration since then.

The main frame manufacturing for the SSRF elliptical
polarized undulator (EPU) was delayed due to the manu-
facturer’s reasons. In March, four engineers and technicians
from the magnet group, the mechanical group, and the

maintenance workshop were sent to the manufacturing site,

and stayed there for three months, to help the manufac-
turer in the main frame’s assembly and test. In July, after
the factory acceptance, the main frame was delivered to the
SSRF site. The magnet group coordinated with the main-
tenance workshop closely, finished the magnet blocks in-
stallation, magnetic field measurement, and shimming for
the EPU until October, when the acceptance passed. The
peak magnetic field in vertical direction was more than 0.6
T and the phase error was less than 4° at the magnetic gap
of 33 mm. At the end of October, this EPU was installed in
the storage ring for the beamline commissioning. The light
spectrum obtained on the beamline indicates that the first
EPU development is successful.

The elliptical polarized undulator EPU100.

At the beginning of 2008, a foreign manufacturer,
who was contracted with SSRF for providing the two
in-vacuum undulators (IVU), sent a notice of delay in
delivery of the two IVUs. This would become an apparent
obstacle to the in-schedule completion of the project, and
SSRF decided to develop the two IVUs in house.
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An IVU is of very complicated structures, and its
manufacturing requests integrated high technologies of
high-precision magnet technology, ultra high vacuum
technology, precise mechanical transmission and control
technology etc. The SSRF established a task force con-
sisting of key scientists and engineers from relevant sec-
tors.

All the resources available were concentrated on
developing the two IVUs from the beginning of March. The
design began with an overall analysis of existing devices in
foreign synchrotron radiation facilities and technical con-
ditions in China. In mid July, we completed the design,
which passed the design review organized by SSRF in late
July, when we started to manufacture the non-standard
equipment and purchase the standard equipment.

With sufficient preparation of manpower, equipment,
and technology, the equipment assembly and test was
carried out in the maintenance workshop from late Oc-
tober. Many designing and technical problems were found
and solve during the assembly and test of the first IVU.
The development of the IVUs was completed after 3
months. Their test results showed that the peak magnetic
field was over 0.94T and the phase error was less than
3.1° and 2.2°, respectively, at the magnetic gap of 7mm.
On January 28, and February 26, 2009, the two IVUs were
installed in the storage ring, respectively, and started to
provide light for commissioning of the beamlines. It was
predicted, from the spectrum obtained on the beamlines,
that both IVUs could meet the requirements for beamline
commissioning and operation.

In addition to completion of the SSRF equipment
developments, each group of the division organized and
completed several equipment installations and mainte-
nance for the accelerators. Also, they took part in the
construction of DUV-FEL project, and investigation and
application of research programs, including the research
and development of a super-conducting undulator.

The in-vacuum undulator IVU25B.
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Progresses in Research of X-ray Imaging Optics

XIAO Tigiao, Group of X-ray Imaging Optics

In 2007-2008, the X-ray imaging optics group focused
on design and construction of the X-ray imaging and bio-
medical application beamline, which is one of the Phase I
beamlines of SSRF, and on which novel imaging techniques
of dynamic X-ray in-line phase contrast imaging, micro-CT
imaging (u-CT) and others can be done.

The improved R & D designt*?! and the master design
were completed in 2007, and the beamline components and
the experimental station instruments were designed, or-
dered or manufactured.

By September 30, 2008, off-line tests of the beamline
equipment and experimental station instruments, their
installation and integration, and compilation and test of the
data acquisition software had been completed. In October,
the on-line commissioning with X-rays from the beamline
was started. As of the end of the year, the in-house tests
were completed and all the design specifications were
achieved.

For developing the new technology of X-ray imaging,
studies were carried out on factors affecting image quality
of the in-line phase contrast imaging®, on X-ray phase
contrast imaging of low Z materials structure in strong
absorption medium™, and on microscopic identification of
Chinese herbal medicine using X-ray phase contrast imag-
ing®®. Phase contrast CT experiments of several kinds of
samples were performed on the X-ray imaging and bio-
medical application beamline, and ideal 3D images were
reconstructed. In addition, we collaborated with Professor
Lisa XU of Shanghai Jiaotong University in the research on
early formation calcification of tumors and angiogenesis
morphology.

In 2008, we completed a program supported by the
Natural Science Foundation of China (NSFC), i.e. Hard X-ray
Holography with Atomic Resolution, in which tempera-
ture-caused phase transition process of TisoNissFeg, a
shape-memory alloy, was studied using X-ray fluorescence
holographic imaging method. It was found for the first time
that there exists a little difference in atomic arrangement
structure of TisoNissFeg between the parent phase and low

temperature commensurate phase, and this provides key
information for studying the second phase transition® %!,
The NSFC program of 3D X-ray Fluorescence CT Based
on Synchrotron Radiations was granted to us in 2008. And
our efforts were made to gain supports for research pro-
grams of Coherent X-ray Diffraction Imaging (an NSFC
program), Construction Algorithm and Experiment of X-ray
CT with Phase Contrast (a key project of the Science and
Technology Commission of Shanghai), and Studies on Key
Clinic Imaging and Treatment Technologies and Novel
Imaging Methods, a sub-project of the Major Programs for
China’s Development in Basic Research (the 973 Program).

Reference

1 Xiao Tigiao, Xie Honglan, Deng Biao, Du Guohao, Regulative
Original Design Report of X-ray Imaging and Biomedical Ap-
plication Beamline, 2007

2 Hu Wen, Xie Honglan, Du Guohao, High Energy Physics and
Nuclear Physics, 2007, 31(6): 597

3 Liu Lixiang, Du Guohao, Hu Wen, Xie Honglan, Xiao Tigiao,
Acta Physics Sinica, 2007, 56(8): 4556

4 Shi Shaomeng, Chen Rongchang, Xue Yanling, Ren Yugi, Du
Guohao, Deng Biao, Xie Honglan, Xiao Tigiao, Acta Physics
Sinica, 2008, 57(10): 6319

5 Xue Yanling, Xiao Tigiao, Du Guohao, Liu Lixiang, Hu Wen, Xu
Hongjie, Acta Optica Sinica, 2008, 28(9): 1828

6 Xu Hongjie, Hu Wen, Luo Hongxin, Du Guohao, Deng Biao,
Chen Rongchang, Xue Yanling, Shi Shaomeng, Xiao Tigiao,
Acta Physics Sinica, 2008, 57(11): 7044

7 Hu Wen, Kouichi Hayashi, Naohisa Happo, Shinya Hosokawa,
Tomoyuki Terai, Takashi Fukuda, Tomoyuki Kakeshita, Xie
Honglan, Xiao Tigiao. Journal of Crystal Growth, 2009, 311:
982

8 Hu Wen, Kouichi Hayashi, Tokujiro Yamamoto, Naohisa
Happo, Shinya Hosokawa, Tomoyuki Terai, Takashi Fukuda,
Tomoyuki Kakeshita, Xie Honglan, Xiao Tigiao, Motohiro
Suzuki. Phys Rev B, 2009, 80: 060202(R)— 060202-1~4



Beas B KBS ERTTR
GEER S L P A

K h e B A B ERIIT R A AR

P v (Undulator) 2 2 —ARFEHRGTHGUE G
SEARAE, JLMERE HEGE M R PR OCIRTERE . AT
75 CAT I HS Bl b 57 T — B 58 B H e 3 A
o B HO SRR PRI vk BB AE R T,
G WL AR R A AL BERLIEE, By
TG A CHE o X AIERIIL e v IR
S MBE I S ROAT VA, TR R, RTx 2
Gres AT 00T, I SCREA S8 545 RN A

TG (K61 o IXEE T IR0 B o N BB

IR A B SO AT VR, (RISt m] A D i85
i H RS R T L A

20

2 Apple-TI B %2289 B A B 5T451E A 5

A IHFSE T HETE Apple-11 S5 10 FEM B K
FEARAE . BETTRY, A Apple-IT %3 & IO KR
LeMEARAL, WA RN BE B S N 0E, FLAE DERE
RV [ RO R PEARAR R o DRIE, A Apple-I
P s VLB R AR A, W] Ol BE R i S e A1t
A

S5 3k

1 Chen Mingzhi, He Jianhua. Investigation of a method to
calculate spontaneous radiation spectra from relativistic
electrons in undulators, Chinese Physics C, 2009, 58-64

2 Chen Mingzhi, He Jianhua. Spontaneous radiation from
relativistic electrons in a tapered Apple-II undulator, Nuclear
Science and techniques, 2009, 5-9



Theoretical Studies on Spontaneous Radiations in Undulators

CHEN Mingzhi
Division of Synchrotron Radiation Experiments

A new method to calculate spontaneous ra-
diation spectra from relativistic electrons in
undulators

Undulators are key devices to produce brilliant syn-
chrotron radiations at a synchrotron radiation facility. We
developed a numerical method, and the computer code, to
simulate the electron trajectory in an undulator and calcu-
late spontaneous radiations from the relativistic electrons.
The effects of electron beam emittance and energy spread
are taken into account. Comparing with other computation
methods available currently, this method is advantageous in
several aspects. Either measured or simulated 3D magnetic
field, or arbitrary electron beam pattern, can be used for
the calculation, and it can analyze undulators of any mag-
netic structures. It predicts precisely the practical radiation
spectrum of an undulator.
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HE Jianhua

Spontaneous radiation from relativistic
electrons in a tapered Apple-II undulator

We studied most properties of radiations from a ta-
pered Apple-II undulator. It was found that tapering an
Apple-IT undulator linearly can broaden the harmonic
bandwidth and the performance of polarization is excellent
in the broadened energy range. So Apple-II undulator can
be tapered to provide convenience for energy scan ex-
periment with the undulator.
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Measurement of Monochromator Angle Repeatability by Phase Plate
Diffraction Collimation Method

GONG Zhihua CHEN Min WANG Yong YAN Rui

TAI Renzhong

Division of Experimental Stations

In order to measure the mechanical angle repeatability
of the variable-included-angle plane-grating-monochro-
mator used in the soft X-ray spectromicroscopy beamline at
SSRF, a new method was proposed based on the phase
plate diffraction collimation. This system was designed
combining laser diode fiber with phase plate diffraction
collimation technique. A 2-dimension CCD was adopted to
collect the images, which has been used to measure the
displacement of the light spot, and thus the angle repeat-
ability of the plane mirror and the grating could be deter-
mined. The results shows that this method could be used to
measure the monochromator’s angle repeatability in a
higher precision estimated to be +0.1”, which is better than
that measured by the commercial ELCOMAT 3000 Auto

collimator used in a same condition.
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Fig.1 Principle of measuring the plane-grating-monochromator.
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Fig.2 Schematics of the angle repeatability measurement of the
monochromator.
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The Beamline Interlock System of SSRF

GONG Peirong ZHU Zhouxia, Division of Beamline Engineering

1 Introduction

The beamline interlock system includes personal safety
systems (PSSs) and equipment protection systems (EPSs).
The PSSs are to set up a logical action by using the
searching buttons, door switches, emergency buttons etc.
to interlock the photon shutters and to keep the staff and
users from unexpected radiation hazard, while the EPSs are
to monitor operation device parameters, such as tem-
perature, vacuum and water flow, to protect them from
possible damage when a parameter goes over its pre-set
threshold. The beamline interlock system has been working
properly even since their starting operation in July 2008.

The design of a PSS varies with the hutch structure and
number of the hutches that need radiation protection. The
design must ensure the personal safety when synchrotron
radiations (SR) are emitted into a hutch of any type. Only
when all the conditions of an interlock system are met, can
the shutters be opened to let the SRs go to the experiment
station. Any non-standard operation is regarded as illegal
and cannot operate shutters.

The EPSs include front-end equipment control and in-
terlock system and beamline equipment protection system.
The EPS designs vary from front-end to front-end, e.g. the
front ends of an insertion device or a bending magnet differ
greatly from each other in their signals and parameters. A
beamline equipment protection system must satisfy re-
quirements to protect optical components of the beamline.

2 Design of the Interlock Systems

Because signal reliability is of the top importance for an
interlock system, the principles to design the system are:
redundant control, fault-failure and dual signals to deter-
mine the status of key components.

As the heart of a system, the Allen-Bradley PLC of
ControlLogix5561 is of high reliability and stability. And
separately isolated input/output modules can reduce pos-
sible interference among signals. The PLC communicates
with the I/O controller by Ethernet/IP for status control of
the hutch door and corresponding shutters. And status of
the interlock system can be displayed on OPI programmed
by EPICS, via a friendly human-machine interface. A beam-
line interlock system has a Panel View touch screen dis-
playing the status and alarm information, and this facilitates
a user to check all the status details and operate the panel
for switching on/off the vacuum valves and photon shutters.
All these provide high reliability and stability, and great
convenience and flexibility, meeting the user demands the
uttermost.
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3 The System Installation, Commissioning
and Operation

The PSSs design was start in June 2007. In February to
April of 2008, the first two PSSs were installed and com-
missioned successively on the BL16B and BL14B beamlines.
Meeting the protection requirements, the two PSSs were
checked and accepted on April 15 by the SSRF project, as a
prelude for commissioning the first two SSRF beamlines
and obtaining monochromatic SR lights. Subsequently,
between the joint efforts of the installation and commis-
sioning team and the beamline control group, the PSSs for
the other five beamlines were completed. On July 22, 2008,
the entire work on PSSs of the seven Phase I beamlines was
checked and accepted by the SSRF project.

Designs of the front-end equipment control and inter-
lock systems began in September 2007, and installation of
the interlock systems began on November 26. By December
18, all control cables of the seven front-ends had been
installed, while completing the temporary interlock signal
wiring and tests to realize interlock protections required for
beam-tuning of the storage ring. As of the end of March
2008, online tests of 50 mA beam current for all the
front-ends of beamlines except BLO8U were completed. In
the next three months, the temporary wiring works were
transformed into permanent ones, and the interlock pro-
gramming and optical test preparation were completed. On
July 22, 2008, front-ends equipment control and interlock
systems of the seven Phase I beamlines were checked and
accepted by the SSRF project.

Design of the beamline equipment protection systems
was initiated in early February 2008, and extensive survey
and discussions were carried out for the BL14B and BL16B
equipment protection scenario, which was reviewed and
approved by the SSRF project on April 7. The equipment
protection system of BL16B was completed, and was
commissioned on May 7, two days before beam-testing of
the beamline. The equipment protection system of BL14B
were completed and commissioned as of the end of May.
And works on the other beanlines were conducted smoothly
in the following months.

The beadmline interlock system began operation in
July 2008. It works reliably an communicates smoothly with
other interlock systems and control systems.

* The entire work of beamline equipment protection systems was
checked and accepted by the SSRF project in April 2009, and was
appreciated by the international review committee of the SSRF in
April 2009.
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Researches on Relativistic Heavy-ion Collisions
MA Yugang, Division of Nuclear Physics

Lattice QCD theory predicted a transition of
quark-gluon plasma (QGP) at high temperature or density.
It is important to search for the new matter and phase
transition experimentally, because the transition is believed
to occur at 107 s after the Big Bang. However, the only
experimental way is by relativistic heavy ion collisions. The
Relativistic Heavy Ion Collider (RHIC) at Brookhaven Na-
tional Laboratory can provide colliding heavy-ion beams at
200 GeV per nucleon pair.  Since 2001 when we joined the
STAR collaboration at RHIC, the RHIC physics about
strangeness, heavy flavor, multi-particle correlation etc
have been our focus in the experiments, while phenome-
nological models have been used to understand the par-
tonic dynamics in relativistic heavy-ion collisions.

Experimental researches at RHIC-STAR

Taking advantages of the STAR detector at RHIC, we
have made the first analysis on spin alignment measure-
ments for the @(1020) vector mesons produced at
mid-rapidity with transverse momentum up to 5 GeV/c for
Au+Au collisions at Su*= 200 GeV!. We have done a
systematic measurement of @ meson production via its
charged kaon decay channel @->K*+K in Au+Au collisions
at Siw'/?=62.4, 130, and 200 GeV, and in p+p and d+Au
collisions at S'?=200 GeV[?. The @ meson yields in nu-
cleus—nucleus collisions are found to be enhanced relative
to those from p + p collisions. The source of enhancement
of strange hadrons is related to the formation of a dense
partonic medium in high energy nucleus-nucleus collisions
and cannot be alone due to canonical suppression of their
production in smaller systems®l. We have observed
anti-hypertriton for the first time in the world in heavy-ion
collisions at RHIC*. We have done an analysis of
mid-rapidity non-photonic electron (NPE) production in p+p
collisions at 200 GeVE!. We measured the fluctuation on p/K
multiplicity ratio from Au+Au collisions using the
RHIC-STAR detector.

Phenomenological study on partonic dy-
namics in relativistic heavy-ion collisions

The transverse momentum (pr) and pseudorapidity (7)
dependences of di-hadron correlation have been studied by
using a multi-phase transport (AMPT) model, which can
shed light on the knowledge of both partonic and hadronic
interactions at RHIC!®), Di-hadron azimuthal correlations
relative to the reaction plane have been investigated in Au
+Au collisions at Sy'/2 = 200 GeV by using AMPT model,
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which indicates path-length effect of energy loss in hot
partonic medium”. The system size dependence of
di-hadron correlation provides us a potential probe for
locating the QCD phase boundary'®!. We found that the
longitudinal broadening of near side in di-hadron correla-
tion is generated by a longitudinal flow induced by strong
parton cascade in central Au+Au collisions!®. Num-
ber-of-Constituent-Quark (NCQ) scaling for the identi-
fied-particle elliptic flow is proposed as a probe for studying
phase change in low-energy data taken at RHICM?., We
have computed photons from the quark phase, hadronic
phase and initial non-thermal contributions by a 3+1 D
relativistic hydrodynamic model**!. We have investigated
the effect of bulk and shear viscosity on system evolution
and production of di-lepton in hydrodynamicst*?, We pro-
posed a new method to extract the parton distribution at
hadronization with the help of the quark coalescence
mechanism. For instance, the strange quark distribution can
be obtained by the yield ratio the Q and ¢ in the same
transverse momentum of valence quark™3!. With the help of
AMPT model and dynamical coalescence model, we found
the information on baryon-strangeness correlation can be
obtained by hypertrion, *He, p and A which can be a probe
of quark-gluon phase transition!*¥, In addition, we pre-
dicted that the yield of hyperons by 2C+2C at CSR energies
is measurable at Lanzhou-CSR in near future, and its
binding energy and life time can be learned from such
measurements.
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Low and Intermediate Energy Heavy Ion Collision Physics,
and International Collaboration of Neutrino Research

MA Yugang, Division of Nuclear Physics

Experimental and theoretical studies were conducted
at SINAP on the following subjects: proton-proton correla-
tion function and structure of proton-rich nuclei, isoscaling
and nuclear equation of state (EOS), number-of-nucleon
scaling of elliptic flow for light particles and photon pro-
duction, and international collaboration of neutrino re-
search.

Proton-proton correlation function and
structure of proton-rich nuclei

The experiment was performed on the RIPS beam line
of RIKEN, Japan. Experimental data were analyzed for
measuring simultaneously the momentum distribution and
reaction cross section of 2*Al. The momentum distribution
and reaction cross section for 2Al, Mg, *'Na etc were
obtained. The valence proton distribution in 23Al is normal,
while an enlarged Mg core is deduced to explain both the
momentum distribution and reaction cross section data
within framework of the Few-Body Glauber model™. For
further investigation on the exotic structure of Al and the
neighboring nuclei, an experiment on RIPS was done again
to measure the proton-proton correlation function.

Isoscaling and nuclear equation of state

Isospin effect is an important phenomenon in heavy
ion collisions at intermediate energy. The isospin effect and
isoscaling behavior in projectile fragmentation reactions
were studied using the statistical abrasion-ablation model.
The excitation energy dependence of the symmetry energy
coefficient Csym is extracted from the isoscaling parame-
ters[2]. Isospin effect of the light fragments from the
equilibrated thermal sources was studied by the lattice gas
model. The deduced symmetry energy from the isoscaling
parameters shows little dependence on temperature but
follows the power-law dependence on the freeze-out den-
sity[3]. With the statistical sequential decay model (GEM-
INI), the isoscaling effect from and equilibrium hot source
was studied, and the dependence of isoscaling parameters
on source size, source isospin asymmetry and source
temperature was analyzed. Our results show that the
symmetry energy coefficient Csym is about 23 MeV around
the saturate density which the surface effect contributing
25% to the extract symmetry energy coefficient. This in-
dicates that the surface contribution should be included in
the symmetry energy term in finite nuclei system.

Number-of-nucleon scaling of elliptic flow
for light particles and photon production

In heavy ion collisions at intermediate energies, the
collective flow comes from the overlap zone of the colliding
nuclei. This is important for studying the property of
thermal nuclei and nuclear equation of state. We found that
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there is a number-of-nucleon scaling for the transverse
momentum dependent elliptic flow for light particles. We
also investigate the behavior of the elliptic flow (v2) and the
4th order anisotropic flow (v4), versus transverse mo-
mentum for the light fragments. v4 seems to be scaled by
the square of v2 and the ratio between v4 and v2 is 1/2.
This ratio value reflects that the collision system reaches to
thermal equilibrium[5]. In nuclear reactions at intermediate
energies, energetic photons are different from hadronic
probes which can deliver an undistorted picture of the
emitting source. Using the BUU model, we have found that
anisotropic emission of energetic photons like nucleon also
exists in the intermediate energy heavy-ion collisions for the
first time. Not only directed transverse flow but also elliptic
flow is anti-correlated with that of nucleon. It indicates that
they are coming from the same source but different
mechanism. Therefore energetic photons can serve as a
good probe to nuclear matter properties[6].

Neutrino international collaboration

CUORE (Cryogenic Underground Observatory for Rare
Events) mainly aim currently at the measurement of neu-
trinoless double beta decay (OvDBD). By the half life
measurement of OvDBD, one can get the neutrino mass
scale. The main work of our group within the CUORE col-
laboration is to observe the low background of intrinsic
radioactive contamination, purity measurement of original
materials, and Cosmic ray background measurement. To
guarantee the content of these elements are under the
experimental background permit, the elements such as Ag,
Au, Pt, Pb, Bi, Th and U were measured by ICP-MS method
in Te metal and TeO, powder. We also developed a low
background gamma detector system to monitor the gamma
radiation in TeO, powder, and two new cosmic ray detectors
to measure the cosmic flow in lab region.
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Interaction Mechanism of Energetic Particles with Nanostructures

ZHU Zhiyuan, Department of Nuclear Physics

Irradiation with particle beams, such as ions and elec-
trons, has been a standard and important approach for
fabricating nanoscale devices and modifying the structure
and properties of nanomaterials. Thus, knowledge of the
interaction mechanisms between energetic particles and
nanostructures, especially the defect production, mobility
and self-healing mechanisms, is important for controlling
the ion-induced structure transformations and property
modulations of nanostructures. Our theoretical group has
been concentrated in studying interaction mechanisms
between ions and carbon nanostructures, using molecular
dynamics, Monte Carlo simulation and ab initio methods to
carry out researches on a number of subjects in this field.
Some significant results have been achieved.

Chemical erosion effect of ions on CNTs

It was widely believed that chemical aspect of interac-
tions is of no importance to the ion-induced defect produc-
tion mechanism in CNTs, as the chemical bonding energy is
usually much less than the incident ion energy. However,
our MD study on the damage production in SWCNTs irra-
diated by various ion species indicated that, in the energy
range of 25—-1000 eV, the chemical bonding action of C, B, N
and Si ions significantly enhances the damage capability of
the ions to CNTs, compared to non- bonding ions such as
Ne and Ar, and the defect production no longer changes
monotonically with the ion mass. The bonding interaction
between the ion and CNT atoms is actually a kind of
chemical erosion process, in contrast to the physical colli-
sion processes governed by the mass effect. Our results
indicate that in the energy range below 1 keV, the chemical
erosion process plays an equally important role as the
physical collision process to the ion-induced damage pro-
duction mechanism in CNTs.
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Effects of tube diameter and chirality on the
stability of CNTs under ion irradiation

The role of tube diameter and chirality in the interac-
tion mechanism between particle beam and CNTs is an
important issue. Our study indicated that, in contrast to the
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electron irradiation results, the dependence of CNT stability
under ion irradiation on the tube diameter and chirality
shows strange behaviors. It was found that, under irradia-
tion of C ions at below 1 keV, the monotonic decrease of
CNT stability with radius decreasing is no longer true, and
the stability of (5, 5) CNT is better than that of (7, 7) CNT.
We also found that under ion irradiation, the stability of a
zigzag CNT is better than that of an armchair CNT of the
same diameter. These stability behaviors are closely related
to the defect self-mending ability of CNTs, the resistance of
curved graphite surface to the incoming actions and the
bonding structure differences of CNT graphite networks.
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Schematics of different defects in ion-irradiated CNTs

Ion channeling in CNTs

CNTs, which possess excellent structural, mechanical
and radiation shielding properties, may be considered as
ideal conduction channels for particle beams. Using Monte
Carlo method,we studied channeling effect in CNTs with ion
species of different masses and charge numbers. By simu-
lations with He, Ar and two isotopes of C, we found that,
the incidence critical angle of ions captured by a CNT de-
pends not only on the ion mass but also on the charge
number. Combining energy conservation with momentum
conservation in the process of ion collision on the CNT wall,
we established a general critical angle formula to explain
the differences of incidence critical angle in an SWCNT
between different incident atoms and isotopes.
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Theoretical Physics for Nanobiology and Interfacial Water

FANG Haiping, Group of Computational Physics

The group is engaged in interdisciplinary studies on
theoretical physics and nanobiology, focusing on molecular
dynamics simulation and other computational studies on
biomolecules and interfacial water. These provide theo-
retical assistance to synchrotron radiation studies and
other experimental research programs at SINAP. Collabo-
rating well with the experimental groups, the group has
made remarkable progresses. It works on other funda-
mental researches, too, such as nanobubbles, nanochan-
nels, biological channels and the structure of biomolecules.

Electrostatic Gating of a Nanometer Water Channel
The transportation of water molecules across nanometer
water channels in membranes plays a key role in biological
activities. In this study, a single-walled carbon nanotube
(SWNT) is used as a prototype to study water permeation
across a nanochannel under the influence of an external
charge with molecular dynamics simulations. This designed
nanopore shows an excellent on-off gating behavior by a
single external charge (+1.0 e), being sensitive to the
charge signal when it is closed (less than a critical distance
of 0.85 A or about half the size of a water molecule), and
effectively resistant to the charge noise. The effect on the
flow and net flux across the channel was found to be neg-
ligible when the charge is over 0.85 A away from the
nanopore wall. This critical distance can be estimated from
the interaction balance for the water molecule in the SWNT
closest to the imposed charge with its neighboring water
molecules and with the charge. The flow and net flux decay
exponentially with respect to the difference between the
two interaction energies when the charge gets closer to the
SWNT wall, and reaches a very small value once the charge
crosses the wall, suggesting a dominating effect on the
permeation properties from local water molecules near the
external charge.

. I1.5
5(R)

A Charge Driven Molecular Water Pump Inspired by
Structure of Aquaprins Understanding and controlling
the transport of water across nanochannels is of great
importance for designing novel molecular devices, ma-
chines and sensors, and it has wide applications, including
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the desalination of seawater. Nano-pumps driven by elec-
tric or magnetic fields can transport ions and magnetic
quanta, but water is charge-neutral and has no magnetic
moment. On the basis of molecular dynamics simulations,
we propose a design for a molecular water pump. The
design uses a combination of charges positioned adjacent
to a nanopore, and is inspired by the structure of channels
in the cellular membrane that conduct water in and out of
the cell (aquaporins). The remarkable pumping ability is
attributed to the charge dipole-induced ordering of water
confined in the nanochannels where water can be easily
driven by external fields in a concerted fashion. The find-
ings may provide possibilities for developing water trans-
port devices that function without osmotic pressure or a
hydrostatic pressure gradient.

Schematics of AQP1 Designed Nanopump

Enhancement of Water Permeation across a Nano-
channel by the Structure outside the Channel We
used molecular dynamics simulation to study the effect of
the external structure on water permeation across a sin-
gle-walled nanochannel. In contrast to the macroscopic
scenario, the outside structure greatly affects the water
transport across the nanochannel. Remarkably, the ratio of
maximal to minimal flux reached a value of about two for
different outside structures. The findings are expected to
be helpful in design of high-flux nanochannels and provide
an insight into the contribution of the lipid membrane to
water permeation across biological water channels.
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Pre-study of the Shanghai Laser-Electron Gamma Source
XU Wang, the SLEGS Group, Department of Nuclear Physics

The Shanghai Laser-Electron Gamma Source (SLEGS)
[ which will be built on SSRF, is based on laser-Compton
scattering (LCS). The collision of a polarized CO, laser with
the 3.5 GeV 200—300 mA relativistic electron bunches in the
storage ring will generate high intensity (10°° photons/s)
quasi-monochromatic and polarized y-rays of tunable en-
ergies from 1 MeV to 22 MeV. These y-rays can be used to
carry out experiments for basic researches of nuclear
physics, particle physics and nuclear astrophysics, and for
industrial and medical applications as well.

In order to pave ways for constructing the SLEGS beam
line, an experimental group was established in 2005 at
SINAP to carry out principle-proof experiments of laser and
electron beam collision, funded by the Chinese Academy of
Sciences under the Knowledge Innovation Project (¥ 3M)
and the Hundreds Talents Project, the Shanghai city under
the Pujiang Talent Project of Municipal Committee of Sci-
ence and Technology, and SINAP under supplementary
funding to the CAS Hundreds Talents Project. Between the
joint efforts of SINAP (the SLEGS group and the 100 MeV
linac group) and Shanghai Institute of Optics and Fine
Mechanics, which were contributed by about 15 scientists
and engineers, a prototype laser-electron gamma source
(LEGS), i.e. an X-ray beam line, was established in April
2008 at SINAP on the high-performance 100-MeV linac.
Layout of the prototype LEGS is shown in Fig.1. It consists
of mainly the multi-angle scattering Compton chamber, the
X-ray detector and the remote position-control system, the
synchronization system, the pulse-width overlapping sys-
tem, the data acquisition system, the laser and optical
system, the vacuum system, and the electron momentum
spectrometer.

In May and October 2008, two principle-proof LCS
experiments, i.e. SINAP I and SINAP II, were performed on
the prototype LEGS, using a Q-switched Nd:YAG laser in
pulse width of 21 and 8 ns (FWHM) and peak power of 10
and 200 MW for SINAP I and SINAP II, respectively, and
108 MeV E-beam bunches in 2.5 ns (FWHM) macro-pulse
width. E-beam charges of about 0.1 and 0.01 nC/pulse
were provided for SINAP I and SINAP II, respectively. The
experiments were successful at the collision angle of about
40° between the laser and electron beams. Spectra of the
generated X-ray around 30 keV were recorded by the Si(Li)
detector data acquisition system. And the experimental
results agreed well with theoretical predictions.
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According to experimental data of SINAP I and SINAP
II, in which the X-ray generation by LCS and its spectrum
were observed for the first time in China, the total LCS X-ray
fluxes of 500 Hz and 50,000 Hz were achieved. During the
experiments, the E-beam energy spread was measured at
about 0.4%o by the wall current monitors on the linac.

The SINAP I and SINAP II experiments are of help for
the SLEGS construction, with the progresses in especially
synchronization of the electron and laser beams, spatial
overlapping of the E-beam and laser pulses, and the in-
teraction scheme (slanting or head-on collision).

Meanwhile, the Shanghai Deep-UV free electron laser
(FEL) facility, which will be built at SINAP in two years, can
provide an E-beam in macro-pulse width of 2-3 ps, hence
the synchronization of < 100 fs between the electron and
laser beams. These will enable studies on Compton scat-
tering in the relativistic optical region (normalized laser
vector potential amplitude of a0>1), with a high peak
power (such as 20 TW) laser. This will be the LCS experi-
ments of SINAP III, in which some fundamental researches,
e.g. the observation of nonlinear effects in Compton scat-
tering and the researches of laser-accelerated electron, and
a new coherent light source, will be carried out on the FEL
facility.
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Fig.1 Layout of the prototype laser-electron gamma source.
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Application of Nuclear Analytical Technique in

Atmospheric Environment and Health

LI Yan, Center for Nuclear Analytical Science and Techniques

Characteristic of fine airborne particulate
matter in Shanghai

Shanghai, an economic center in China, and venue of the
World Expo 2010, attracts worldwide attentions. And air
quality of the city has been a worldwide focus, too. We
carried out a series of studies on fine airborne particulate
matter in Shanghai using synchrotron radiation-based
techniques of transmission X-ray microscopy (SR-TXM),
X-ray fluorescence (SR-XRF) and X-ray absorption fine
structure (XAFS), together with scanning proton micro-
probe (SPM, for single aerosol particle fingerprint database)
and isotopic tracer method. Three dimensional structure of
the fine airborne particulate matter was investigated.
Carbon and lead isotopic compositions and size-distribution
of trace metals enriched in the airborne particulate matter
were determined. Chemical speciation of some trace ele-
ments and originations of the airborne particulate matter
were studied. The findings are summarized as follows.

Particles from vehicle exhaust are structured with a
light element surface supported by frames consisting of iron
oxides in nano-meter sizes. Particles from coal combustion
are of holed spherical balls consisting of carbon and other
light elements, while some of the particles, in little amount,
are solid. Metallurgic dust particles are mainly formed by a
large solid particle with small particles attached to it. Size
distributions of trace metals are related to their sources.
Metals in re-suspended road dust and cement dust, such as
Fe, Ca, Mg, Al, Sr, Ba and U, show monomodal with the
peak in coarse particulate matter. Metals from industrial
activities (Pb, Cd, Se and Bi) are monomodal with the peak
in fine particulate matter. And those from both chemical
combustion and gas-particle conversion (S, As, Ag, Au, Cu,
Cr, Co, Cs, Mn, Mo, K, Zn, Ni, Na, Ga, Rb, Ti, V and W) show
significantly multi-modal with the peaks in coarse, fine and
ultra-fine particulate matter. Chemical speciation of the
trace element shows diurnal variation and size distribution.
Fe exists mainly as Fe,O3 in daytime while as Fes0, in
nighttime. Sulfur exists mainly as sulfate in fine (PM2.5) and
ultra-fine (<100 nm) particulate matter, but some reducible
sulfur with low valence can be found in the ultra-fine par-
ticulate matter. According to the single aerosol particle
fingerprint database based on SPM and the isotopic tracer
method, coal combustion and vehicle exhaust are major
sources of fine airborne particulate matter in Shanghai, with
the vehicle exhaust being the largest origination.

Toxicities of airborne particulate matter and
heavy metal

Toxicity of airborne particulate matter may be related to its
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size and contents of heavy metal. Nano-particles, which
access deep into the body easily due to their small sizes,
show greater toxicities than coarse and fine particulate
matters. Radioactive '*I-labeling studies with rats revealed
metastasis of the lung-inhaled ultra-fine particles into the
blood, liver, heart, kidney, stomach and spleen. Another
study on >°Fe-labeled nano-particles being cleared off from
rat lungs show that, while organisms have self-cleaning
function, ultra-fine particles do more harm to cardiovascu-
lar disease (such as high blood pressure) patients.

Lead is a highly toxic element to human body, but the
origin of blood lead in children is still un-clarified after
phasing out of leaded gasoline. Therefore, it is necessary to
find pre-dominate source of lead exposure to blood so as to
control blood lead level of children. By long-term experi-
ments, we found that blood lead concentration of children
in Shanghai strongly correlates with lead content in at-
mospheric particles with a correlation coefficient of r=0.979,
and the atmospheric lead content correlates with the coal
consumption in r=0.857. Comparing lead isotopic compo-
sition in the children blood with that of each end-member of
paint, water, coal fly ash, automobile exhaust, metallurgical
dust (Fig.1), it can be concluded that the coal fly ash is a
predominant source of Pb exposure to children in Shanghai.
Once lead enters the blood, it may pass through the blood-
brain barrier into central nervous system to affect the in-
telligence. This has been confirmed in our SR-XRF study on
elemental distribution and micro-structural changes in the
hippocampus of lead-poisoned rats.
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Fig.1 Lead isotope ratios of 2”Pb/?%Pb and 2°®Pb/?Pb in chil-
dren’s blood, paint, water and major emission sources of coal
combustion ash, vehicle exhausts, and metallurgical dust. (Feng
Liang, Guilin Zhang, Mingguang Tan, et al. Environmental Science
& Technology, 2010 44(12), 4760-4765).
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Fabrication and Properties of Carbon Materials Irradiated by Ion Beams

ZHOU Xintai

YAN Long XIA Huihao YU Guojun

Materials group, Center for Nuclear Analytical Science and Techniques

Carbon materials are a focus of material science due to
their various structures and properties. The field of re-
search on carbon materials has been greatly extended ever
since the discoveries of a series of new carbon materials, i.e.
Cso, carbon nanotubes (CNTs), diamond films and magnetic
carbon, which are extensively attractive with their special
properties for many potential applications in advanced
materials.

Usually, the carbon materials are processed in equi-
librium or quasi-equilibrium states, but many novel carbon
materials can be fabricated and modified in far-from equi-
librium states. Ion beam irradiation and plasma treatment
are typically non-equilibrium techniques to synthesize the
new carbon materials, due to their effects on the carbon
materials. For instance, the ion beam irradiation is a pow-
erful tool for driving self-assembly of carbon nanostructures,
with controlled property changes of the carbon materials).
Moreover, the ion beams can be focused onto spots of a few
nanometers in diameter, and scanned in a controllable way
over the material surface. Also, modification with micro-
wave plasma is advantageous in terms of low reaction
temperatures, short reaction time and high production rate.

The materials group focuses on fabrication and modi-
fication of novel carbon materials by ion beam and plasma
techniques, and investigations on their improved properties
towards potential applications of the carbon materials. The
fields of research include (1) fabrication and properties of
carbon nanotube networks by ion beam irradiation, (2)
fabrication of nano diamond structures by plasma enhanced
chemical vapor deposition, and (3) magnetic carbon mate-
rials by ion beam irradiation.

Fabrication and properties of CNT networks
by ion beam irradiation

Fig.1 HRTEM images of the welding of the MWCNTs irradiated at
the dose of 5x10'¢ ions/cm? at 600 K.

Multi-walled carbon nanotubes (MWCNTs) were irradiated
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to different doses by 40 keV Si ion beams at different
temperatures. The radiation-induced structural change of
MWCNTs and formation of MWCNT junctions were charac-
terized by transmission electron microscopy (TEM). MWCNT
junctions are formed when two adjacent MWCNTSs share a
common grapheme (Fig.1)?. Implanting the MWCNTs to
5x10% jons/cm? at 600-850 K, the MWCNT junctions have a
well-ordered structure, indicating that the MWCNT junction
formation is caused by both ion beam irradiation and the
heating effect by the bombardment. That is, the MWCNT
welding is a result of defect production and recombination
at elevated temperatures.

Microwave plasma chemical vapor deposi-
tion (MPCVD) fabrication of nano diamond
structures

The main objective is to fabricate diamond nanostructures.
Particularly, one-dimensional nanostructures (tubes, wires,
ribbons, etc.) are in intensified studies for understanding
mechanism of dimensionalities and the space-confined
phenomena, and for potential applications as well B4,
MPCVD was used to synthesize diamond nanowires (DNRs).
The synthesis was performed on (100) n-type silicon (Si)
wafers using Ar/N,/H,/CH,4 mixtures, in a 2.45 GHz micro-
wave plasma system, at the substrate temperature of
850°C and plasma pressure of 80 Torr.
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Fig.2 SEM images of high density DNRs with (a) and without (b)
nitrogen addition.

As a metastable 1D nanostructure, DNRs can only grow
in a critical condition for both the metastable thermody-
namic and 1D growth. It was found that high concentration



methane was a major factor leading to favorable conditions
for DNRs synthesis in Ar-rich environment using high mi-
crowave power (Fig.2a). The composite has high sp> carbon
content in the nanorods along with graphite sheet sur-
rounding the rods.

Also, DNRs were grown without nitrogen addition with
Ar/H,/CH,4 only (Fig. 2b). The formation of 1-dimensional
nanostructure can be carried out by polyacetylene chains
like C-H in the Ar rich plasma in the absence of nitrogen.
The excitation processes due to collisions between Ar ions
led to the formation of a complex mixture of organic
molecules including trans-polyacetylene and polycyclic
aromatic hydrocarbons®, which helped to form the
nanostructures. The N, addition is more influential in terms
of structural changes than morphology changes. Any de-
pendence of the N, addition on morphology is not a result
of nitrogen incorporation, but a result caused by nitrogen
related surface processes with changes in gas phase
chemistry and surface kinetics'®.

Magnetic carbon by ion beam irradiation

The magnetism of pure carbon materials”® have
stimulated research interest in determining the origin of
magnetism of the materials and exploring prospective ap-
plications. We have worked out an experimental method to
induce macroscopic magnetization (as large as 9.3 emu-g™?)
at RT in highly oriented pyrolytic graphite (HOPG) samples
by using >)C* ion implantation. It was found that the fer-
romagnetic critical temperature, 7, of the sample is about
460 K. The implantation-induced magnetic moments in the
sample could be tuned simply by changing the implantation
dose. Fig.3 shows the measured magnetic moments of the
HOPG sample at 300 K.

Fig.3(a) shows the magnetic hysteresis loops, in a low
field from -0.1 T to 0.1 T, of the HOPG sample before (o)
and after (&) implantation with 2x10'*/cm? of *2C* ions.
The loop of the implanted sample clearly shows ferro-
magnetic behavior. Fig. 3(b) shows the magnetic moments
measured after each implantation stage for an applied
magnetic field cycled between -1.0 T and 1.0 T. Fig.3(c)
depicts the measured saturation magnetic moment as a
function of the implantation dose. For the doses ranging
from 3x10'* /ecm? to 2x10%*/cm?, the saturation magnetic
moment increases with the dose. However, increasing the
dose to 5x10°/cm? decreases substantially the saturation
magnetic moment. This indicates that further increase of
the implantation dose may create too high a defect density,
resulting in reduction of the magnetic moments induced by
the defects!”, and the lattice disorder, perhaps even
amorphous zones in the lattice, may destroy the band
structure and carrier density that are necessary for mag-
netic coupling!®!*, This suggests a dose window that can
be used to tune the magnetization in HOPG.
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Fig.3 Magnetic moments of HOPG sample measured at 300 K.
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THz Spectroscopic Technique and Applications

ZHU Zhiyong, Center for Nuclear Analytical Science and Techniques

Terahertz (THz) wave band locates between far in-
frared and microwaves. It is the last band in the electro-
magnetic spectrum yet to be explored. Terahertz time-
domain spectroscopy (THz-TDS) technique is becoming an
attractive technique because of its unique advantages. The
group is engaged in researches of THz-TDS spectroscopic
technique and its applications, including THz imaging
technique, specific THz spectra of compounds and bimol-
ecular, dielectric properties in the THz range of nanometer
materials and their composites with polymers, and THz
emission crystal development based on irradiation tech-
nique.

THz imaging techniques

The rich information taken by THz wave transmitted
through samples can be used for imaging. Based on a
THz-TDS setup we carried out researches of two dimen-
sional scanning imaging of various materials. Spatial com-
ponent distributions of a mixture can be revealed (Fig.1).
Integrated THz absorption spectra in the whole measuring
range were taken as fingerprints of compounds. It was
found that analytic precision could be improved by a factor
of two, considering the transmission coefficient at the
sample surface. Outline imaging by THz-TDS was proposed.
Spectroscopic splitting at interface was studied. Different
data processing methods were tried to optimize THz im-
aging quality.

i o

:'. ":.: '... | i:-"r'i 'h\
Fig.1 A mixture sample (a) and spatial distribution of its com-
ponents: the benzoic acid(b), o-toluic acid(c) and m-toluic acid(d).

Specific THz spectra of molecular structure

THz wave is sensitive to different molecular species
and the change of environment. On the THz-TDS setup, we
carried out researches on pharmaceutical identification and
analysis, including various structural compounds, isomers,
chiral enantiomers and polymorphism of drug molecules. A
series of important bimolecular such as saccharides, amino
acids, protein, DNA bases and modified nucleoside deriva-
tives have also been investigated. To understand the
physical origins of the low frequency resonant modes,
theoretical calculation, such as density functional theory
(DFT), was adopted. In addition, some solid state chemical
reactions were investigated. The studies demonstrate that
THz-TDS is a promising and efficient tool for both qualita-
tive and quantitative analysis of molecular structures.
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Fig.2 THz absorption spectra of L-, D- and DL-penicillamine.

THz spectra of nanometer materials and
their composites

The spectroscopic properties of composites formed by
filling carbon materials (including MWNT, C60, graphite and
carbon black) into HDPE were studied using THz-TDS
technique. It was found that the composites with different
carbon materials possess vary different dielectric properties
in the THz range. The HDPE/C60 has very low absorption,
while the HDPE/MWNTSs absorbs strongly. Under the same
filler concentration, increasing the MWNTs diameter by a
factor of two can lead to a three-time increase in the THz
wave absorption of the HDPE-MWNTs composite. Dielectric
properties of carbon materials were extracted by using the
effective medium theory.

THz wave emission crystal made by MeV ion
implantation

Producing a terahertz emitter of higher performance
requires photoconductive materials that are of shorter
carrier lifetime, reasonably good carrier mobility and high
resistivity. Ion-implantation is an attractive way to modify
the properties of photoconductive materials. We have
successfully prepared some terahertz photoconductive
antenna by implanting around 1016/cm2 He ions at 2 MeV
into SI-GaAs. It was also found that the THz emission ability
of an electrically break-down emitter could be recovered by
the He ion implantation.
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Progresses in Single Molecule Research

Hu Jun, Group of Single Molecule Detection and Manipulatioin

The ongoing research in our group focuses on single
DNA molecular behaviors, especially interaction between
DNA and protein, on solid surfaces using AFM. The aim of
research is to explore some information on DNA behavior
under extra force. This includes the force influence on the
DNA structure, e.g. base deletion and mutation; and the
force influence on DNA function processing, e.g. the rate of
reaction between protein and DNA. It is hoped that DNA
synthesis can be finally realized at the single molecule level
through positioning techniques by nano-manipulation
based on AFM.

Mechanochemical Activation and Kinetics in
DNase I Digestion Revealed by Nanoma-
nipulation and Single-Molecule Imaging &
Analysis

The tension of only a few piconewtons acting on single
biomolecules, where the distinct states are not blurred by
bulk averaging, should lead to totally different mechano-
chemical processes. Whether an applied force affects en-
zymes acting on the mechanically stretched DNA molecules
and subsequently cleavage rate or not, is a focus with its
significance in biology. The atomic force microscopy (AFM)
ex situ imaging & analysis were used to measure the
cleaved gaps on these DNA molecules with different
stretching extents before and after the digestion. Detailed
kinetic profiles of the reaction have been revealed at the
lower tension, and a mechanochemical activation in DNase
I digestion was discovered. Crystallographic studies on the
DNase I-DNA complex indicated that the stretching resulted
in wider minor grooves on DNA molecule, which may be
more accessible for the enzyme to recognize and afterward
cut the DNA. As a whole, it seems very clear that the minor
groove had more probability to open during the initial DNA
stretching in our experimental conditions. The molecular
dynamics (MD) simulations demonstrated the close rela-
tionships between the locally conformational changes of
those stretched DNA molecules in the small-tension regime
and the mechanochemical activation in DNase I digestion.
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The interaction between DNA and DNase I
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Transfer printing on hydrophobic polymer
substrate with high efficiency

How to transfer patterns made by photolithography or
other methods onto polymer substrate is the central issue
on obtaining large-area, flexible electro-device at low cost.

A facile route to solve this problem was provided to
realize transferring aqueous inks onto hydrophobic polymer
substrate with high efficiency by operating in organic sol-
vent atmosphere. Under the assistance of condensed sol-
vent on the substrate, bovine serum albumin (BSA) were
desirably transferred onto untreated poly(dimethylsiloxane)
(PDMS), polystyrene (PS) and poly(ethylene terephthalate)
(PET) hydrophobic substrate as a proof-of-concept ex-
periment. Moreover, combining this method with SCAN
(stepwise contraction and adsorption nanolithography)
could be an alternative way to further miniaturize patterns
prepared by other methods.

BSA transferred on PDMS

A new method of coating AFM tip for posi-
tioning ink deposition

A coating AFM tip method to facilitate the dip-pen
nanolithography (DPN) processes was presented. The small
amount of ink could be limited to the apex of atomic force
microscope (AFM) tip by adjusting AFM operation parame-
ters. With this automatic AFM-engaging system overloading
ink, usually disturbing imaging and manipulating, could be
avoided. Thereby, a uniform nanoarray of CuCl, was con-
structed on a DNA molecule. The unique technique could
provide a novel approach to precisely modify biological
molecule at the nano-meter scale.

CuCl, nanopattern on a single DNA molecule
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Progresses in Biosensor Researches

FAN Chunhai, Group of Biosensors

The group is aimed at developing next generation
sensors to meet China’s requirements for molecular diag-
nostics, environmental monitoring and biological safety.
The next generation biosensors are meant to have high
sensitivity and selectivity, and to be cost-effective with rapid
detection time and capable of further devising them into
portable biochips. Current interests of the group include
nano-biosensors, microfluidic biochip, bio-photonics and
bio-electrochemical DNA computation, and DNA machine.

Electrochemical DNA Sensors We developed an en-
zyme-amplified electrochemical DNA sensor on Au elec-
trodes. The Au electrodes were modified with a hairpin DNA
probe, which functions as both the capture and signal
probes. With the aid of redox enzyme label, this electro-
chemical sensor integrates DNA recognition, DNA folding
and surface electron transfer on a single chip. The sensor
sensitivity can be 1000 times higher than traditional E-DNA
sensors. (JACS, 2008, 130: 6820-6825)
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Fluorescent Cellular Nanoprobes Fluorescent cellular
probes are powerful tools for studying cellular morphology,
behavior, and physiological functions. We developed novel
nontoxic silicon nanospheres as cellular probes with good
water dispersibility, high photoluminescence, and excellent
photostability. Cellular experiments indicate that the
as-prepared nanospheres are remarkably efficacious for
real-time and long-term cell imaging. (Angew. Chem. Int.
Ed., 2009, 48: 128-132, Inside Cover)

Nanosiheres

FITC

Fluorescence of cells labeled with the
Si nanospheres (top) and FITC (bottom).

Silicon nanospheres
as cellular probes.

Multicomponent Nanoprobes We designed a multi-
component nanoprobe by co-assembling thiolated oligonu-
cleotide (detection probe), horseradish peroxidase (HRP,
signal amplification), and bovine serum albumin (BSA,
non-specific blocker) at the surface of 15 nm Au NPs. This
novel multifunctional nanoprobe enables the visual detec-
tion of target DNA (in serum) with detection limit as low as
100 pM. In addition, by precisely controlled surface modi-
fication of the nanoprobes, this method is of general im-
plication for gene or protein detection. (Adv. Mater., 2008,
20: 497-500, inside cover)
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Small Molecule Detection Based on Aptamer and
Bare Au Nanoparticles For small molecule detection,
we designed an aptamer-target binding readout (ABTR)
strategy, based on target-induced aptamer conformational
change and the ability of Au nanoparticles to differentiate
ss-, ds- and other DNA structures. The visual assay is of
high sensitivity and selectivity, and exhibits great potential
in environmental pollution monitoring and clinical diagnos-
tics (Adv. Mater,, 2007, 19: 3943-3946). For example, by
rational design of anti-cocaine aptamer, a visual assay for
cocaine detection with improved sensitivity was achieved
(Small, 2008, 4: 1196-1200, Cover). Also, combining ABTR
strategy with microfluidic technology, a fully portable,
power-free and cost-effective device was designed to en-
able rapid, sensitive and selective detection of mercury ions
with the naked eyes.
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Biological Effects of Nanomaterials

HUANG Qing, Laboratory of Physical Biology

The research of the group is focused on interdiscipli-
nary studies combining nanotechnology, nuclear techniques
and biological science. The research programs conver
preparation and characterization of nanomaterials, interac-
tions of nanomaterials with, cellular biological effects of
nanomaterials and the molecular mechanism, toxicity and
bio-distribution of nanomaterials in animals, and using
synchrotron radiations to study the bio-effect of nanoma-
terials.

Cellular bio-effects of nanomaterials

Because of the large surface area and adsorption abil-
ity of nanomaterials, we proposed to establish new meth-
ods for evaluating cytotoxicity of nanomaterials. The in-
teraction of carbon nanomaterials with serum proteins and
phenol red (a pH indicator) in cell culture medium was
investigated. It was found that special attentions should be
paid to some components of the culture medium, which are
regarded as biologically active in common molecular biology,
but show observable effects on the biological interactions of
nanomaterials.

Quantum dots (QDs), as new optical probes with high
brightness and little fluorescence quenching, have at-
tracted a great deal of research interest. CdTe, a particular
type of QDs that are studied widely on not only their fluo-
rescent properties, but also their detection by synchrotron
radiation microscopy with characteristic X-rays of Cd ele-
ment, can be a new type of biological probes with good
application prospects.

We evaluated the cytotoxicity of a series of QDs syn-
thesized in aqueous phase with a variety of cell lines in-
cluding K562 and HEK293T. We have demonstrated that
epitaxial growth of a CdS layer reduced the cytotoxicity of
QDs to a small extent. However, the presence of a ZnS
outlayer improved greatly the biocompatibility of QDs. Our
investigation clearly shows that the structured QDs are
highly promising biological fluorescent probes for cellular
imaging.

The toxicity of nanomaterials in animals

The systematic influence of 3-nm TiO2 nanoparticles (NPs)
in mice after repeated intratracheal instillation of the NPs
was studied. Changes in the tissues and organs, body
weight, biochemical parameters, histopathology, and the
tissue and organ distribution of the TiO2 NPs were assayed.
The results indicate that the intratracheally instilled 3-nm
TiO2 NPs induced significant lung toxicity, and also they
could penetrate capillary—blood barrier, even blood-brain
barrier, to reach the extrapulmonary tissues, resulting in
extrapulmonary tissues toxicity and growth inhibition.
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An aerosol inhalation exposure chamber was designed
to study the respiratory toxicity induced in mice by anatase
TiO2 NPs in 20 nm of primary size. It was found that long-
time inhalation of the TiO2 NPs would cause lung damage
to the mice, and the function of blood circulation system
would be affected, too.

Preparation and application of fullerene derivative
in the medicine field

In addition to securities and toxicity of nanomaterials,
we also studied bio-effects and potential application of
nanomaterials in medicine. We examined the protective
effects of the fullerene derivative C60(OH)24 in a
MPP+-induced acute cellular Parkinson’s disease model in
human neuroblastoma cells. Pretreatment with C60(0OH)24
showed significant protective effects on MPP+-induced loss
in cell viability, with decreased mitochondrial function and
increased levels of reactive oxygen species and oxidative
damage. The results suggest that C60(OH)24 may be a
mitochondrial protective antioxidant and can prevent
Parkinson's disease effectively.

The protective effects of C60(OH)24 on oxidative stress
and dysfunction in the liver and kidney, induced by CCl4
were investigated in Sprague-Dawley rats model. The re-
sults indicate that C60(OH)24 can protect the liver and
kidney tissues against CCl4-induced oxidative stress. An-
other experiment revealed that C60-glucocorticoid de-
creased the original toxicity of glucocorticoid while the
pharmacological activity of glucocorticoid was kept. In
particular, they reduced significantly the damage of drug to
the nervous system.

Finally, a new multihydroxylated methanofullerene
carboxylic acid (MMFCA) derivative, (OH)16C60CHCOOH,
with high aqueous solubility was synthesized. This new
MMFCA derivative might be a potential vehicle for the in-
troduction of hydrophobic C60 derivatives into water or a
hydrophilic environment.
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Radiation Effect of Imidazolium Ionic Liquids
WU Guozhong CHEN Shimou FU Haiying LONG Dewu SHA Maolin QI Mingying

HUANG Wei

LIU Yusheng DOU Qiang,

Center for Radiation Chemistry and Radiation Processing

As an important green solvent, ionic liquids (ILs) have
been widely used in chemistry, chemical engineering, hy-
drometallurgy and preparation of new materials. Being
non-inflammable, non-volatile and property-adjustable, an
ionic liquid can be a better solvent than volatile organic
compounds, and a higher efficient extractant or modifier
than conventional adsorbents or resins in metal extraction
and separation 2,

Nanoparticle Polymerization

For the first time we demonstrated the crystallization
behavior of ILs inside MWNTs (multi-walled carbon
nano-tubes). It was found that [bmim][PF6] confined in
MWNTs underwent a fully different phase transition and
crystal formation, leading to the formation of a stable
polymorphous crystal with a melting point of above 200°C.
This novel crystallization behavior is explained by size effect
of carbon nanotubes on structure of the ionic liquid.

Opened MWNTs

Melting Point
=6°C

Ionic Liquid Crystal
Melting Point >200°C

Radiation Effect

The application of room temperature ionic liquids
(RTILSs) in nuclear fuel cycle and radiation chemistry mainly
depends on comprehensive knowledge of their stability and
chemical properties under radiation conditions!>*!, It was
found that irradiation increased UV absorption of the ionic
liquids, but did not change its glass transition point. Raman
spectra of irradiated [bmim][BF,] indicate that the irradia-
tion induced detectable destruction of alkyl-chain and scis-
sion of H-atoms in the ring of imidizolium cation, but rela-
tively small changes of the BF,; anion. Viscosities of the
irradiated [bmim][BF,] samples were measured at different
shear rates and temperatures, and compared with irradi-
ated [bmim][PF¢] samples. The plots of shear stress against
shear rate show that the irradiated [bmim][BF4] remains a
Newtonian fluid.

Spectroscopy Analysis and Kinetics

The transient absorption spectra and photoinduced
electron transfer process of duroguinone (DQ) in mixed
binary solution of [bmim][PFs] and acetonitrile (MeCN)
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were investigated by laser photolysis at the excitation
wavelength of 355 nm. A spectral blue shift of 3DQ* was
observed by comparing the IL/MeCN mixtures and MeCN.
At lower VIL(volume fraction of IL), the interaction between
DQ and solvent is dominant and the decay rate constant
(kobs) of 3DQ* increases steadily with the VIL, whereas at
higher VIL, the network structures due to hydrogen-bond
and viscosity are dominant and the decay rate constant
decreases obviously with increasing VIL. A critical point
(turnover) was observed at VIL =~ 0.30. The dependence
of the observed growth rate (kgr) of the photoinduced
electron transfer (PET) products on VIL is complex and
shows a special down-up-down change.

Molecular Dynamic Simulation

Microscopic structures of [bmim][PF6] on hydrophobic
graphite surfaces were studied by molecular dynamics (MD)
simulation. The results show that both the mass and elec-
tron densities of the surface adsorbed ionic liquid are os-
cillatory, and the first peak adjacent to the graphite surface
is considerably higher than others, corresponding to a
solid-like IL bottom layer of 6 A. Three IL layers are indi-
cated between the graphite surface and the inner bulk ionic
liquid. The simulation also indicates that the imidazolium
ring and butyl tail of the cation (bmim+) of the IL bottom
layer are lying flat on the graphite surface.
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Progress in High Temperature Radiation Cross-linked PTFE

WANG Mouhua WU Guozhong, Centre for Radiation Chemistry and Radiation Processing

Polytetrafluoroethylene (PTFE) is a well known engineering
plastic material with superior chemical and thermal stability.
However, its poor wear resistance and extreme radiation
sensitivity are major hindering factors for PTFE application
in certain areas. It was found in 1980s that radiation
cross-linked PTFE (X-PTFE) changed dramatically in its
physical properties, and of particular interest, the abrasion
and radiation resistances could be improved substantially
[121 The outstanding wear resistance of X-PTFE makes it
possible to use it as a special lubricant additive or in its
application in extreme conditions, such as the space envi-
ronment.

As reported in literatures, the irradiation conditions for
preparing X-PTFE are strict. PTFE in molten state can be
cross-linked by electron beam or y-ray irradiation in an inert
gas atmosphere or vacuum. Irradiating PTFE at tempera-
tures under the melting point (327°C), chain scission occurs
and the mechanical properties degrade and crystalline
fraction increases with the irradiation dose; while at tem-
peratures over 330°C, thermal decomposition increases
with the irradiation temperature 1, For E-beam irradiation,
where the beam heating effect is obvious, the key to pre-
paring X-PTFE is to control temperature rising of the PTFE
during the irradiation. In order to improve the temperature
control, we redesigned the under-beam device for three
times.

Based on the technical improvement, PTFE sheets
were cross-linked by electron beam irradiation at 335£5°C
in a nitrogen gas atmospherel®. With increasing doses, the
PTFE sheets became transparent, and the melting point and
crystallization heat decreased gradually. Tribological be-
havior of the X-PTFE sheet was investigated on a
ring-on-ring tribometer and a block-on-ring friction tester
under dry friction conditions. It was found that the friction
coefficient of X-PTFE increased slightly, but wear resistance
of X-PTFE was improved substantially. As shown in Fig. 1,
the mass loss of X-PTFE in the tribological test decreased by
3 orders of magnitude at 150 kGy. Scanning electron mi-
croscopy (SEM) images of the wear-tested samples show
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that surface of the virgin PTFE sheet was smooth, while
surface of X-PTFE was rough. The three-dimensional net-
work of X-PTFE is responsible for its excellent wear resis-
tance behavior.

Studies on the electrical properties and the radiation
resistance of X-PTFE are in progress.

10°m
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Fig.1 Abrasion loss of X-PTFE as a function of the irradiation

dose.
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Functional Membranes of Copolymers Modified by Radiation Grafting

LI Jingye, Department of Radiation Chemistry & Radiation Processing

Pre-irradiation graft copolymerization

Functional monomers were grafted onto polymer powder.
Especially, water-insoluble monomers were grafted in water
under shear dispersion], The graft copolymers were fab-
ricated into dense or porous functional membranes, which
showed much better performance than the pristine mem-
branes. Dependence of membrane properties on degree of
grafting and structure of graft chains were studied.

Graft polymerization performed in water dispersion

Proton exchange membrane

Styrene grafted poly(vinylidene fluoride) (PVDF) powder
was fabricated into dense membranes of different thick-
nesses from 30—70 pum by solution casting or hot- pressing.
Proton exchange membranes (PEMs) were obtained by
sulfonating the dense membranes, and the ion exchange
capacity (IEC) value ranges from 0.5—1.5 meq/g.

The powder grafting technique is advantageous in
developing large area PEMs over traditional ways using
as-prepared membranes for graft polymerization. Using this
novel routine, the graft chains are well-distributed, espe-
cially in transmembrane direction even at very low degree
of grafting.

Proton conductivity of the PEMs fabricated via hot-
pressing is superior to that of perfluorosulfonic acid PEMs
commercially available. The alcohol permeability and fuel
cell performance of the synthesized PEMs were tested, with
encouraging results.
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Antifouling filtration membrane

Hydrophilic acrylic monomers were grafted onto PVDF or
polyethersulfone (PES) powder by pre-irradiation induced
graft polymerization technique, and asymmetric microfil-
tration or ultrafiltration membranes were prepared from the
grafted polymer powder under phase inversion method.
Because of the improvement in hydrophilicity, the modified
filtration membranes showed better water flux under the
same conditions. The electric charge repulsion between
charged graft chains and protein molecules, and hydrogen
bond formation with water molecules, are two main reasons
for elevated antifouling performance of the modified filtra-
tion membranes, which resulted higher efficiency in filter
protein-containing solutions.

Because the graft chains are polyelectrolyte, the gyra-
tion radius of graft chains is dependent on pH value,
therefore, the modified filtration membranes are also en-
dowed with pH sensitivity>.

Rotating anaerobic MBR

Unlike aerobic membrane bio-reactor (MBR), anaerobic
membrane bio-reactor (AnMBR) is suitable for treating
complex and dense organic pollution water. Also, hydrogen
and methane gas are the main products by anaerobic mi-
croorganisms that decompose organic wastes, hence a
more economic and attractive system with AnMBR. External
cross-flow type is the most popular one in current applica-
tions. However, serious membrane pollution, high power
consumption and damage to microorganisms are the major
shortcomings. In our novel rotating AnMBR system, a ro-
tating filtration membrane unit was designed and antifoul-
ing filtration membranes were used to improve the per-
formance. This rotating AnMBR system is used to treat
waste water in food industry with a capacity of 20 ton/day.
The anaerobic bioprocess is under studying and optimizing
in this system and further improvement in the performance
is expected.
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Radiation Technology for

Organic Pollutants Degradation and Heavy Metal Removal

WANG Min, Department of Radiation Chemistry and Radiation Technology

Based on developments in ®Co and electron beam ir-
radiators, radiation methods for environmental protection
have attracted worldwide attentions, especially in E-beam
desulfurization and denitration of flue gas, waste water
treatment, sludge treatment and drinking water disinfec-
tion” 2!, The research programs of our group include ra-
diation treatment of heavy metal pollutants in water, ra-
diolysis of some organic pollutants in aqueous solutions,
and radiation modification of materials for heavy metal
recovery from waste water.

Kinetics and mechanisms of decomposition
and mineralization of organic pollutants

Radiation-induced decomposition and mineralization of
organic pollutants in aqueous solution were investigated
with degradation rate, TOC removal rate, efficiency of de-
nitration and pH of the solutions in different irradiation
systems. Complete degradation of the organic pollutants
was observed at different doses under diverse irradiation
conditions. The transient absorption spectra were recorded
after the pulse radiolysis, while different transient species
involved were recognized. Besides, the first-order reaction
rate constants of organic pollutants with «OH and e, were
determined by pulsed radiolysis. The related radiolytic
products under various conditions were identified using GC
and HPLC-MS analyses. The mechanisms behind the ra-
diolytic degradation of organic pollutants were proposed
based on the degradation products observed.

Preparation of metal adsorbent to recover
rare metals from waste water

Heavy metals are harmful water pollutants. Generally,
toxic heavy metals are removed from water by Conventional
treatments such as adsorption and flocculation methods.
Novel functional polymer materials can provide a new so-
lution. We prepared rare metal adsorbents by using radia-
tion-induced graft polymerization and subsequent modifi-
cation to introduce amidoxime groups.

A polyvinylidene fluoride (PVDF), an excellent material
for many applications, has its setbacks due to its low sur-
face energy and hydrophobicity’®!. To improve the proper-
ties, irradiated PVDF powders were grafted with glycidyl
methacrylate (GMA) in methanol solution and water emul-
sion. Effects of the reaction time and temperature, the dose,
and the monomer concentration, on the grafting efficiency
were studied. Composition and performance of the grafted
powders were analyzed using FTIR and DSC. The grafted
PVDF was converted to amine-type adsorbent by chemical
modification of triethylenetetramine (TETA). The capability
of the amine-type adsorbent was investigated with contact
time, temperature, pH, etc. It was found that the
TETA-modified PVDF powder can be considered as a
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promising adsorbent for heavy metal removal. Without
organic solvent in the grafting method, the emulsion graft
polymerization is a green chemistry [,
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Fig.1 Degradation rates of p-NA aqueous solutions and
the suggested degradation mechanism.
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Fast Chemistry Reaction Kinetics

WANG Wenfeng, Center for Radiation Chemistry and Radiation Processing

Radiation chemistry kinetics and radiation biology are of
both theoretical and practical importance. The group is
engaged in studies on radiation- and light-induced chemical
effects of materials. Based on radiation physics and chem-
istry of biological substance, we have been focused mainly
on free radical behaviors and change transfer reaction in
biological molecules by using laser photolysis, pulsed ra-
diolysis, EPR and related spectroscopic methods.

Pulsed electron beams, lasers (UV) and *°Co y-rays
are used for investigating the radiation induced phenomena
in biological molecules of interest, especially the intra- and
inter-molecular energy and charge transfer. Mechanisms of
free radical reactions between bimolecular with photosen-
sitizer and antioxidants were studied, and the results are
useful for radiotherapy or reduction of biological damage
caused by the radiations. Also, THz-TDS was used to in-
vestigate low-frequency vibration and rotation behavior of
biomolecules, the crystal transformation process, and
solid-state reaction.

Transient Species of Fluoroquinolones and Their
Reactions with Amino Acids

Photochemistry of fluoroquinolone antibiotics (FQs), i.e,
enoxacin (ENX), norfloxacin (NFX) and ciprofloxacin (CPX),
were investigated by laser flash photolysis and pulsed ra-
diolysis. Transient absorption spectra of the FQs were ob-
served and transient species were assigned. The absorption
maxima (Anax) of primary triplet states of ENX, NFX and CPX
were located at 520, 610 and 620 nm, respectively. The
secondary triplet states were characterized by A,,,=680 nm
(ENX), 700 nm (NFX) and 700 nm (CPX). The transient
absorption around 440 nm was assigned to cyclohexadienyl
anion, and a product was formed by the FQs in a photo-
substitution reaction with OH". The unimolecular decay rate
constant, and bimolecular decay rate constant quenched by
the ground state and O,, were determined. Reactions of the
FQ triplet states with amino acids (tyrosine, tryptophan,
cysteine and arginine) were investigated. Evidences ob-
tained by pulsed radiolysis provide more direct supports for
the existence of the cyclohexadienyl anion and reduced
radicals of FQs.)

It was also found that the FQs were not able to gen-
erate triplet states in nonprotic organic solvent, because of
probably intramolecular charge transfer of excited states of
the FQs. Photoinduced intramolecular electron transfer
could take place in systems with acceptor and donor sub-
units formally linked by a simple bond, such as twisted
intramolecualr charge transfer, wagged intramolecualr
charge transfer and rehybridization by intramolecualr
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charge transfer. Most FQs can be viewed as electron do-
nor-acceptor compound, with the piperazine ring being the
ecletron-donating group, and the aromatic ring being the
electron-accepting group. Experiments were performed
using UV-visible absorption spectra and laser flash
photolysis, for elucidating the effects of intramolecular
charge transfer on excited states of the FQs.

Transient species and its properties of antioxidants

Pulsed radiolysis and laser flash photolysis were used to
study the reactions between LA (a-lipoic acid) and ROS
(reactive oxygen species). Transient spectra of LA radicals
were observed and the absorption maxima were assigned.
It was found that LA could effectively quench free radicals
such as ‘OH, COs~, SO4 7, €, and Bry ~ at the rates of
7.4x10°, 9.8x108, 2.3x10% 1.3x10*® and 2.0x10°
L'mol™'s™, respectively. Mechanism of the reactions was
studied, too.

Triplet properties of astaxanthin (AST) and canthax-
anthin (CAN) were investigated by laser flash photolysis of
different deaerated polarity solutions of acetonitrile and
benzene at room temperature, using 2-acetonaphthone as
a sensitizer. The energy transfer method was used to obtain
decay rate constants of the triplet state, which are (in
L'mol™s™!) 1.25x10% (AST) and 1.12x10' (CAN) in ace-
tonitrile, 1.75x10%° (AST) and 3.27x10'° (CAN) in benzene.
The molar extiction coefficient of triplet state was
dertermined as (in L'mol™cm™) &sr,55 nm=23500 and
&anis60 nm=11000.

The fast reaction kinetics study can be applied in many
fields of research. More efforts will be made at SINAP on
primary and subsequent processes of the radiation induced
injury of some major biological targets, and structure and
dynamics of reactive transient species of some potential
radio- and chemo-protectors and photosensitizers.
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Progresses and Prospects in Radioactive Molecular Imaging

ZHANG Lan ZHOU Wei

ZHANG Guoxin

Center for Radiopharmaceuticals Research

The radioactive molecular imaging group focuses on
designing, preparation, biological evaluation and applica-
tion of radioisotope-labeled molecular imaging probes (PET
and SPECT). Also, we are developing '®®Re-labeled radio-
pharmaceuticals and working on nano materials and their
applications in medicine.

As an emerging new imaging technology, molecular
imaging can visualize physical or biochemical functions /n
vivo at molecular or cellular level, and further qualitative or
quantitative analysis can be realized based on the images
obtained. Molecular imaging has become a powerful tool for
biological or medical studies and has been widely applied in
clinical diagnosis of many diseases. Molecular imaging
probes for different purpose are one of the legs which
facilitate the development of molecular imaging.

Molecular imaging probes

The research programs are mainly focused on
8F_|abeled PET probes, aimed at developing new radio-
pharmaceuticals for PET diagnosis or providing tools for
researchers. Current interests include: 1. Tumor targeted
PET probes, such as '®F-VIP targeting vasoactive intestinal
peptide, and ®F labeled ligands for carbonic anhydrase IX;
2. PET probes for neurodegenerative diseases, such as
18FELPIB for Alzheimer's disease.

Transverse Coronal

6-[18F]FPCV 15 min

Sagittal

A Dissections of the mouse brain
B SFJFDG-injected
[18F]VIP-injected
D Receptor blocked and [8F]VIP-injected

i ﬂﬂﬂ

Sagittal

Transverse  Coronal * The cerebral turmor is marked by the arrows.

Fig.1 The PET-imaging probes developed by our group.

Novel techniques for preparing molecular
imaging probes

This program is focused on major issues in molecular im-
aging probe preparation, especially radiolabeled peptide
probes for PET and SPECT applications. Based on modu-
larized design, tumor targeting peptide modules, and *°F-
or ZI-labeled modules, are synthesized. And using click
chemistry, the modules are linked together to form dif-
ferent PET or SPECT probes. The obtained probes are
evaluated /in vitro and in vivo to find their feasibility as a
tumor targeting molecular imaging probes.
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Fig.2 SPECT Images before and after #8Re-HEDP therapy.

188Re labeled new radiopharmaceuticals

188Re-HEDP, a new radiopharmaceutical developed by our
group has accomplished its Phase I clinical trials, which
showed that it is safe and efficient. Now, we have been
collaborating with a company to push forward the Phase II
trials. Besides, '®®Re-sulfide suspension and novel Re- la-
beling techniques have been in good progresses.

Synthesis and application of nano-drugs

Magnetic nano-drug Magnetic nanoparticles are coupled
with bio-molecular target (goat-anti-rabbit IgG, CEA
monoclonal antibody, etc.) to form magnetic-biological
double targeted nano-drug. Magnetic radiopharmaceutical
is obtained by radioisotope labeling. Nano-drug can act as
the radioimmunoassay reagent for the purpose of com-
bining with radioactive markers.

Fluorescence quantum dots (QDs) The II-VI QDs and
oxysalt QDs of better properties are prepared, providing
basis for synthesis of novel magnetic fluorescent nano-
drugs. Researches in progresses include: the new synthesis
technology of molecular imaging probe—magnetic
nanoparitcles modular of click chemistry, studies on effects
of magnetic nanoparticle morphologies on their blood cir-
culation, and QDs toxicity quantum in cells.
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Fig.1 Tumor/blood, tumor/muscle and tumor/brain ratios

in LLC(Lewis lung cancer)-bearing mice.
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Fig.2 Micro-SPECT images of an LLC-bearing mouse.
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Radiopharmaceuticals Studies Based on

Dendrimer, Estrogen Receptor and f-elemene

SHEN Yumei, the Radiopharmaceuticals Center

For obtaining high quality radiopharmaceuticals and
effective imaging agents, rhenium and technetium
radiolabelling, biodistricution and micro-SPECT imaging
studies based on dendrimer, estrogen receptor and
[elemene were conducted at SINAP. By modifying their
structures, the radiolabelled compounds accumulated much
more in tumor, while the concentration decreased in blood,
muscle, liver etc.

Synthesis and in vitro Anti-proliferative Activity of
B-elemene Monosubstituted Derivatives

B-elemene monosubstituted amine, ether and rhenium
coordinated complex were synthesized. Their IC50 on Hela
cell lines, cell cycle and protein expression of G; phase
(CyclinD1, Rb, P-Rb) were detected, respectively, by the
methods of WST-1, flow cytometry and Western Blot. The
results showed that the /n vitro anti-proliferative activity of
Belemene monosubstituted amine and Re(CO);-3-elemene
derivatives in human cervix epitheloid carcinoma Hela cells
were improved significantly, compared with ether deriva-
tives and parent S-elemene. The derivatives could reduce
Rb phosphorylation and cyclinD1 protein expression to
arrest the cell cycle at G; phase. [elemene-
9MT(CO)3(H,0);* conjugates (Scheme 1) were synthe-
sized to study their tumor-targeting ability and water solu-

bility.
vao p 5
ggrnTc-—co Py f— 99"‘Tc—-CO
NN
NH
N / 7 8 /
5,107*M, 30 min, 75°C | 4,107*M, 30 min, 75°C
OH2 H o]
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6,10*M
30 min, 75°C

s 7\ co
=N, S
L
H’\/O\/\O/\/N%TC\ CO
N,

N

9 \’/ co

Scheme 1 Radiosynthesis of Felemene-*"Tc (CO); Conjugates.

Radioactive Synthesis and Bio-distribution of
B-elemene-?°"Tc (CO); Conjugates

Aqueous solubility of the complexes can be evaluated
by the octanol/water partition coefficients, which were
determined as 13.17+1.05, 11.54+1.05 and 9.54+1.07, for
Complex 7, 8 and 9, respectively. Compared with the re-
ported P = 199.5 + 4.12 of Belemene, the oil-water parti-
tion coefficients of Belemene-*"Tc(CO); (H,0);" de-
creased over 20 times than the parent S-elemene, and the

67

water solubility was improved, too. Biodistribution of
Compound 9 was studied using micro SPECT imaging with
LLC(Lewis lung cancer)-bearing mice. The results (Figs. 1
and 2) show that B-elemene-*"Tc(CO);(H,0);* conjugate
has certain accumulation in tumor after intravenous ad-
ministration to the LLC-bearing mice. At 6 h post-injection,
the tumor/muscle ratios in LLC-bearing mice reached 3.38 ,
but the radio distributions in non-target tissues are fairly
high. Further efforts will be made to solve this problem.
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Fig.1 Tumor/blood, tumor/muscle and tumor/brain ratios
in LLC(Lewis lung cancer)-bearing mice.

40 min 55 min
’ ]
70 min 85 min

Fig.2 Micro-SPECT images of an LLC-bearing mouse.
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Biometrics Technique and Applications

LI Yongping

AO Xinyu

HUANG Yuefeng,

Center for Advanced Detection and Instrumentation

Biometrics, as one of the 10 emerging technologies to
shape the world in the 21% century, has many potential
applications in anti-terrorism and public security. The group
devotes on related algorithm for face and fingerprint rec-
ognition (and their fusion), the standard measurement and
the technique applications. And the group head is deputy
secretary-general of the  biometric  application
sub-committee (SAC/TC100/SC2) under the National Public
Security Committee, being in charge of designing and es-
tablishing systematic architecture of the sub- committee
standards.

Biometrics recognition algorithm

We proposed a scheme based on the linear correlation
criterion to select optimized Gabor filter bank. In addition,
by using 2D Gaborface matrices rather than transformed 1D
feature vectors, two strategies to use the Gaborface bank
are proposed, i.e. the ensemble Gaborface representation

(EGFR) and multichannel Gaborface representation (MGFR).

The feasibility of our method is proved by the experimental
results on the ORL, Yale and FERET databases. The
MGFR-based (2D)*PCA method achieves 100% recognition
accuracy for the ORL database, and 98.89% for the Yale
database.

Estimation and correctness of face pose were focused
on effectiveness of the feature transformation, while the
processing on video-based face was focused on restoring
the original illumination condition to improve the stability of
recognition. Both the approaches achieve better results
than most approaches in common uses.

Algorithm on singular point extraction based on analy-
sis on frequency domain was proposed to obtain the sin-
gular point area right on capturing the fingerprint image,
and based on this the 2DPCA could be applied. On the
multiple biometrics, fusion algorithm based on FAR score
normalization was performed, with good stability and fea-
sibility of fusion recognition.

E-passport System
v v v
Smart Card Information Security Biometrics
Subsystem Subsystem Subsytem

Access and
Communicate Card

Encrypt and Protect
Information

Capture and Verify
Biometrics

Support ISO 7816
and ISO 14443

Support BIOAPI
and CBEFF

Support DOC 9303

Fig.1 E-passport function modules.

Biometrics passport

According to ICAO’s Doc9303 criterion on new gen-
eration e-passport, a demo platform of e-passport based on

biometrics, PKI and RFID was implemented using Java card.

The file-system in compliance with passport specifications
was designed. It provides the means for information

69

management on the Java. The primary functions of
e-passport, such as passport issuing and verifying, were
realized. The procedures were tested with the third party.
Passive authentication was implemented, and EF.SOD was
used to protect the data security and effectiveness. A
floating-point data processing library on Java card was
established according to the floating point standard
IEEE-754, and the face verification algorithm CS-LDA was
adapted for the Java card environment. Experimental re-
sults showed that basic Match-On-Card functionality re-
quirements were fulfilled.

Testing platform for fingerprint lock

According to the GA701-2007 industrial standard es-
tablished by the National Public Security Committee
(SAC/TC100), a fingerprint recognition module testing
platform was developed with the consignment of Quality
Test Center for public security products of the Ministry of
Public Security. A related fingerprint database was built to
support various kinds of fingerprint modules. Integrated
GUI software was developed for users to perform routine
tests. Extensive experiments demonstrated that platform
could meet the test requirements. It was checked and
accepted in September 2008 by the Ministry of Public Se-
curity, and has been in regular use since then.

Fig.2 Testing platform for anti-burglary fingerprint lock.
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Ion Mobility Spectrometry

JIANG Dazhen LI Yongping
Center for Advanced Detection and Instrumentation

The group focuses on high sensitive IMS technique and
applications with a prototype IMS developed at SINAP. In
the front-end of detection, two types of ion-gating struc-
tures and various diameter/length drifting-tubes were de-
veloped to have a family of seven high-performance drift
tubes. According to different requirements and environ-
ment, different back-end systems for data acquisition and
processing, based on various processors, were developed
for outdoor and indoor applications, and micro-, portable
and desktop IMSs were designed with the drift-tubes.

Ion-gating control

Ion gating control plays important role for enhancing
ionization efficiency and detection sensitivity of IMS. The
B-N gate structure was studied based on our patented
twin-pulse gating structure, and implemented in the drift
tube successfully. Both the gating control techniques were
tested in experiments with satisfying results.

Drift-tubes

After theoretical simulation, drift tubes of 6, 14 and 54
mm in diameter (with suitable length) were developed, for
different requirements of sensitivity and environment.

Fig.1 The @ mm (left) and @14 mm (right) drift-tubes.

Data acquisition and processing systems

Fig.2 The prototype all-in-one IMS.
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Platforms based on industrial control PC, laptop and
PXI controllers were built up with LabView SDK. Efforts
were made to use the recent TI digital signal controller
(DSC) F28335 for functionality-specific mini-platform and
general purpose multi-function small platform based on
dual DSC and ARM processors.

IMS applications

In addition to detection of narcotics and explosives, the
prototype IMS was applied to detect military toxic gas, food
additives and pesticide residues, with encouraging results in
experimental tests (Fig 3 and Table 1).

Food Iﬁspection
IM Spectrum of
0.1 ng Melemine
The inspection can be
done within 1 s.

Detection of

Pesticide
Residue

IM Spectrum of
2 ng Carbofuran

IM Spectrum of
5 ng Dichlorves

Fig.3 Melamine and pesticide spectra by the prototype IMS.
Table 1 Detection limit of the prototype IMS.

Harmful or Toxic Substances Detection Limits /ng

Melamine <1
Dichlorvos <1
Carbofuran <1
Clenbuterol <0.1
Ractopamine <0.1

Academic exchange

In 2008, SINAP joined the International Society on IMS
(ISIMS). We attended the 17" International Conference on
IMS in Ottawa, Canada on July 20-25, 2008, and made an
oral presentation entitled The Application of Hadamard
Transform in Ion Mobility Spectrometry.
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Biomedical Molecular Imaging Physics and Technology

QI Yujin, Center for Advanced Detection and Instrumentation

The group is focused on developing multi-modality
molecular imaging technologies, a fast growing field of
research world wide. Molecular imaging uses non-invasive
imaging technologies to visualize and characterize specific
molecular events and targets /n vivo. Currently, the group’s
research interest covers single photon emission computed
tomography (SPECT), positron emission tomography (PET),
and X-ray computed tomography (CT), aimed at developing
multi-modality molecular imaging techniques for small
animal imaging, and exploring integration of micro-SPECT
imaging with micro-CT and MRI systems. Specifically, re-
search programs of the group include the development of
new or improved imaging detectors, system simulation and
development of novel imaging system; the study of accu-
rate quantitative 3D image reconstruction algorithms with
image degradation corrections; and application of the im-
aging techniques in studies involving small-animal imaging
experiments.

Novel imaging detectors

A detector is a basic unit to build an imaging system.
High resolution modularized detectors are the key for de-
veloping advanced imaging system. We used pixellated
scintillation crystal array with position sensitive photomul-
tiplier tube to develop a modular gamma camera. A novel
subtractive resistive readout was developed to replace the
conventional resistive readout to improve the detector
performance while keeping the simplicity of the signal
processing electronics. The intrinsic resolution and effective
field-of-view (FOV) of the detectors are significantly im-
proved with the novel readout electronics.

The next program is to develop a new type of modu-
larized detector for SPECT and PET. Based on the newly
emerged silicon photomultiplier technique, the detector
shall work effectively in strong magnetic field of an MRI.

Small-animal micro-SPECT and micro-CT
imaging systems

Two micro-SPECT systems were developed successfully
by utilizing pinhole collimation, instead of the conventional
parallel-hole collimation. The collimator and system designs
were optimized using Monte Carlo simulations. One system
was based on the above modular gamma camera, while the
other was upgraded from a conventional gamma camera for
clinic use. With sub-millimeter spatial resolution, both the
micro-SPECT systems have been used in many small-animal
imaging experiments.

A small-animal micro-CT system we developed is based
on cone-beam imaging geometry. A micro-focus X-ray tube
(~45-um focal spot) and a CMOS flat-panel X-ray detector
with a 12-cm field of view (FOV) were used. A mechanical
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shutter to reduce the dose absorbed in the imaging objects.
This system can perform fast CT imaging (5-6 minutes)
with a spatial resolution of about 100 pm.

Efforts will be made in integrating the multi-modality
molecular imaging systems of micro-SPECT and micro-CT,
and in exploring the integration of micro-SPECT or mi-
cro-PET imaging with MRI system.

3D image reconstruction and processing

This program is to develop accurate quantitative 3D
image reconstruction algorithms with image degradation
correction techniques. Based on the high similarity between
pinhole and cone-beam geometry, we developed a unified
mathematical optimization method to determine the com-
plete geometric and registered parameters for both
cone-beam CT and pinhole SPECT for misalignment cali-
bration and image registration. A 3D pinhole SPECT image
reconstruction with statistically iterative OSEM algorithm
was developed. The system response was implemented into
the algorithm, and this improved significantly the recon-
structed image quality, with sub-millimeter image resolution
recovery. We also developed the helical pinhole SPECT
imaging technique, in addition to the conventional pinhole
SPECT with circular orbit scan. The helical pinhole SPECT
provides significant improvement in the axial imaging FOV
and resolution, being very useful for whole body small
animal imaging.

Further work is targeted to developing multi-pinhole
SPECT imaging technique to increase detection efficiency
while keeping the high spatial resolution and reducing the
imaging scan time. Efforts will also be made in studying
image co-registration and fusion techniques for multi-
modality imaging.
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Development of 700-800kV/150 mAx2 E-beam Irradiator
for Radiation Processing

LI Deming ZHANG Yutian, Division of Applied Accelerators

The technology of electron beam flue gas treatment
(EBFGT) for removal of SO, and NO, in the fumes produced
by coal-fired installation was brought up by Ebara Corpo-
ration in 1970s. Irradiating the flue gases with electron
beams produces highly reactive free radicals, which oxidize
the SO, and NO, components of the flue gas into corre-
sponding acids, and the acids react with the ammonia
sprayed into the flue gases to form ammonium sulfate and
ammonium nitrate. The byproducts of the treatment are

collected for further treatment to become farming fertilizers.

Comparing to the chemical process for denitration and
desulfuration, the electron beam process can remove both
pollutants simultaneously, create useful by-product as ag-
ricultural chemical fertilizer, while no secondary pollution. It
has technical advantages obviously. The critical equipment
for EBFGT is the high power electron accelerator. The
low-energy high power electron accelerator has widely
potential market demand, which is successfully developed
and trial used in Japan and developing rapidly in countries
as Russia, America, France and etc.

Supported by the Knowledge Innovation Project of the
Chinese Academy of Sciences under the contract of Key
Technologies in EBFGT and Its Demonstrational Application
in China, which is part of the CAS project of Key Technolo-
gies in Applications of Nuclear Techniques, and aimed at
frontier technologies in EBFGT, we have developed the
powerful low energy E-beam irradiator. According to
measurements in November 2008 by the CAS-organized
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expert team to test the accelerator for checking and ac-
cepting the project, the accelerator performed satisfactorily
with the following specifications.

Beam energy / keV 750 (without load)
700 (loaded)

Beam current / mA 150%2
Energy instability / % 5
Beam current instability / % 5
Beam scan width / mm 2000
Beam scan frequency / Hz 100
Beam scan non-uniformity / % 10

The high voltage is generated by using a power fre-
quency transformer of SF4 gas insulation, hence it small size
and high power conversion efficiency (over 90%). Adopting
the method of modularized design, the accelerator is con-
venient to manufacture and to do the maintenance. With
the cathode made of crystal LaBs, the electron gun provides
strong electron emission and its performance is stable and
reliable. Entire performance of the accelerator has reached
advanced level achieved by similar E-beam irradiators in the
world. It is the low energy E-beam irradiator of the highest
beam current and power in China. The successful devel-
opment will certainly promote of nuclear technique appli-
cations in China, especially E-beam application in envi-
ronment protection and other areas of radiation processing.
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30: 19-25

WA, ICH. AR ARk, TR R B,
1006-9240, SINAP, 2008, 38, 8, 677684

WAL, 5K/, AR RUE, S BRAUKITRLIABURN P P Te
brid, BPRPEIEE, 2008, 25: 305-310

NI Zhichun, LI Qintao, YAN Long, et al. Large-scale fab-
rication of carbon nanowire networks using kilo-electron-
volt ion beam, Diamond and related materials, 2008, 17:
365-371

XIA Huihao, LI Weifeng, SONG You, et al. Tunable
magnetism in carbon-ion-implanted highly oriented pyro-
lytic graphite, Adv Mater, 2008, 20: 46794683

LI Qintao, NI Zhichun, GONG lJinlong, et al. Carbon
nanotubes coated by carbon nanoparticles of turbostratic

stacked graphenes, Carbon, 2008, 46: 434-439

139

140

141

142

143

144

NI Zhichun, LI Qintao, YAN Long, et al. Welding of
multi-walled carbon nanotubes by ion beam irradiation,
Carbon,2008, 46: 376-378

LI Qintao, NI Zhichun, YANG Shumin, Large-area and
high-density silicon nanocone arrays by Ar' sputtering at
room temperature, Nuclear Instruments and Methods in
Physics Research Section B: Beam Interactions with Ma-
terials and Atoms,2008, 266: 197-202

YANG Shumin, HE Zhoutong, LI Qintao, et al. Diamond
films with preferred (110) texture by hot filament CVD at
low pressure, Diamond & Related Materials, 2008, 17:
2075-2079

YANG Shumin, WAN Dongyun, HE Zhoutong, et al.
Highly (111)-textured diamond film growth with high nu-
cleation density, Nuclear Science and Techniques, 2008,
19: 147-151

HE Zhoutong, YANG Shumin, LI Qintao, et al. Selective
growth of diamond by hot filament CVD using patterned
carbon films as mask, Nuclear Science and Techniques,
2008, 19: 83-87

Sobia Allah Rakha, YANG Shumin, HE Zhoutong, et al.
Synthesis of thin diamond films from faceted nanosized

crystallites, Current Applied Physics, 2008

HNiEREE 4288 F1/0 EB Accelerators and Radiation Application

KFKEF, EWER], 20, 4% Ikt SHa s,
The status of SMCAMS after recent upgrades, NIM
B(Nuclear Inst. And Methods in Physics Research, B),
2007, 62—65

FRER), XKEf, 2R, S5, b R 0N Bl
ARG VT TR AL VB, R, 2007
B, S, vEAk, 5. Transition of ionic liquid
[bmim][PF6] from liquid to high-melting-point crystal
when confined in multi-walled carbon nanotubes, ] Am
Chem Soc, 2007, 129: 24162417

welfizE, %S, BRAEVE. Preparation of microporous
PVDF membranes by precipitating the casting film in su-
percritical carbon dioxide, JOURNAL OF MEMBRANE
SCIENCE,2007, 293: 100-110

Wiz, REE, BRI, Preparation of open cellular
PMMA microspheres by supercritical carbon dioxide
foaming, J Supercrit Fluids, 2007, 40: 323-329

BIE, SRE K, BRI, 2% Radiolysis of ionic liquid

10

11

88

1-butyl-3-methylimidazolium hexafluorophosphate, Radiat
Res, 2007, 167: 508-514

T, SRIE L, MR Preparation of oligochitosan
stabilized silver nanoparticles by irradiation, Radiat Phys
Chem, 2007, 76: 1126-1131

R, REE, £, 4% Photo-induced interfacial
electron transfer from CdSe quantum dots to sur-
face-bound p-benzoquinone and anthraquinone, Res Chem
Intermed, 2007, 33: 655-661

R, SEE, B, %5 Laser photolysis study on
photochemical reactions in mixed solutions of [bmim]
[PFg] and acetonitrile , Spectroscopy and Spectral Analysis,
2007, 27: 1936-1938

Kk, REE, B, £ Laser photolysis of ionic
liquid [bmim][PF¢], Nuclear Science and Techniques,
2007, 18: 16-19

T, WBE, MR, F.OPRETS JeW I G A
FIWIEE, o dadt 122741, 2007, 25(2): 95-101



12

13

14

15

16

17

18

19

20

21

22

23

24

Lardn, Fi, WAL,
Congo Red in aqueous solution, Chemosphere, 2007, 68(6):
1098-1104

Mg, TR TR

alization of 4-chlorophenol in aqueous solutions by elec-

%%. Radiation degradation of

. The degradation and miner-

tron beam irradiation in the presence of TiO, nanoparticles,
Radiation Physics and Chemistry, 2007, 76(7): 1122—-1125
RAHE, BR A, k48, %%, Size controlling of PEI
nanogel induced by Feton reaction, International Journal of
Pharmaceutics, 2007, 338 (1—2): 291-2967
R, BRE, BETE,
neimine nanogels via photo-Fenton reaction, Radiation
Physics and Chemistry, 2007, 76(10): 1606-1611
Ay, YR%E, BRI 2 DIGIE'S Fenton W5
M-PEIs 44K BE H"J?{‘MI, 7 TR, 2007, 4: 389-393
EUERAE, PNDLOC, PR, AE. I A SRS IR D,
In-situ synthesis of PHEMA magnetic nanogels via pho-
tochemical method, Science in China Ser-B, 2007, 50(2):
217-223
W, AN,

mer-enveloped ultrasmall superparamagnetic iron oxide

. Preparation of polyethyle-

S EE % ZE . Facile Synthesis of poly-
for magnetic resonance imaging, Nanotechnology, 2007,
18(13): 35608-35608(6pp)

W BRI IRAME, Synthesis and characteriza-
tion of carboxyl-functionalized magnetic nanogel via
“Green” photochemical method, Journal of Applied Poly-
mer Science, 2007, 105(4): 1882—-1887
W, RAM, BHE, %,

a-chymotrypsin by covalent immobilization on amine-

Stabilization of
functionalized superparamagnetic nanogel, Journal of
Biotechnology,2007 128(3): 597-605

A, ARAAM,

superparamagnetic nanogels covered with carboxyl groups,

T 1%, %, Conjugation of enzyme on
Journal of Chromatography B Analytical Technologies in
the Biomedical and Life Science, 2007, 850(1-2): 499-506
PR ARAHE, WeBAE, AE T o R B AR e
R MR 0 K R PR G A 2 5l 3RALE, T 5%
SR AR, 2007, 28(1): 177-182
W, IRAM, B4, %%, Covalent binding process of
a-chymotrypsin on the magnetic nanogels covered by
amino groups, Journal of Molecular Catalysis B: Enzy-
matic, 2007, 45(3-4): 84-90
fHEDE, PR, SERE
patibity of asphalt binder modified by SBS graft copoly-
2007, 21:

, 5%. Storage stability and com-

mer, Construction and Building Materials,

25

26

27

28

29

30

31

32

33

34

35

89

1528-1533

EHERI, RKEF, A,
on the Shanghai Mini-cyclotron based AMS, Nucl Instrum
Meth B, 2008, 266(15): 3302-3308

WUk, SRR, P, 4% EBS MRS IR RS
Wk, #EAR, 2008, 31(1): 63-66

LONG Dewu, WU Guozhong, WU Aibin, et al. Photoin-

2 Study of Al measurement

duced charge separation in riboflavin/carbon nanotubes
superstructures, Journal of physical chemistry C, 2008,
112(33): 13000-13003

SHA Maolin, WU Guozhong, FANG Haiping, ef al. Lig-
uid-to-solid phase transition of a 1,3-dimethylimidazolium
chloride ionic liquid monolayer confined between graphite
walls, Journal of physical chemistry C, 2008, 112(47):
1858418587

SHA Maolin, ZHANG Fuchun, WU Guozhong, et al. Or-
dering layers of [bmim][PFs] ionic liquid on graphite sur-
faces:molecular dynamics simulation, Journal of chemical
physics, 2008, 128(13): 134504

ZHU Guanglai, WU Guozhong, SHA Maolin, et al. Ef-
fects of ionic liquid [bmim][PFg] on absorption spectra and
reaction kinetics of the duroquinone triplet state in ace-
tonitrile, Journal of physical chemistry A, 2008, 112(14):
3079-3085

QI Mingying,
Luoy-Radiation effect on ionic liquid [bmim][BF4], Ra-
diation physics and chemistry, 2008, 77(7): 877-883

QI Mingying, WU Guozhong, SHA Maolin, et al. Radia-

WU Guozhong, SHE Ying, et al.

tion induced polymerization of MMA in imidazolium ionic
liquids and their mixed solutions with organic solvents,
Radiation physics 2008, 77(10-12):
1248-1252

LONG Dewu, WU Guozhong, ZHU Guanglai. Noncova-

and chemistry,

lently Modified Carbon Nanotubes with Carboxymethy-
lated Chitosan: A Controllable Donor-Acceptor Nanohy-
brid, International journal of molecular sciences, 2008,
9(2): 120-130

Tweke, RER, BRI, 50U Mok T e e
KT, A% 5 062, 2008, 30(4):
238-242

BO Deng, LI Jingye, ZHENG Chihou, et al. Microfiltra-
tion membranes prepared from polyethersulfone powder
grafted with acrylic acid by simultaneous irradiation and
their pH dependence, Radiation Physics and Chemistry,
2008, 77(7): 898-906



36

37

10

B, TR, SR, %5 RIS BRI,
SR SRS T 2244), 2008, 26(1): 13-18

AL ORAM, R, S5 fRGT 1) M-PEIs JERFE
AR N A2 TY, HZBOR, 2008, 31(6): 465-469

38

ZHAO lJian, LI Dong, LU Bin, et al. Down-regulation of
osteopontin suppresses growth and metastasis of hepato-
cellular carcinoma via induction of apoptosis, Gastroen-
terology, 2008, 135(3): 956-968

M #H > Radiopharmaceuticals

XU Ronghui, WANG Yongxiang, JIA Guanggqiang, et al.
Zinc blende and wurtzite cadmium sulfide nanocrystals
with strong photoluminescence and ultrastability, Journal
of Crystal Growth, 2007, 128(3): 28-33

CHENG Dengfeng, YIN Duanzhi, ZHANG Lan, et al.
Preparation of the novel fluorine-18-labeled VIP analog
for PET imaging studies using two different synthesis
methods, Journal Of Fluorine Chemistry, 2007, 299(1):
196-201

VESRRE, e, BIIR, AF. MBI CdS 4K
KI5, MRS 22iR, 2007, 28(2): 217219

XU Wanbang, WANG Yongxian, XU Ronghui, et al.
Synthesis and fluorescence spectrum analysis of CdS
nanocrystals, ] Mater Sci, 2007, 42(16): 6942—6945

ANG Mingwei, YIN Duanzhi, LI Shiqiang, et al. Synthe-
sis of O-(2-[18F]fluoroethyl)-L-tyrosine and its biological
evaluation in B16 melanoma-bearing mice as PET tracer
for tumor imaging, Science in China Series B:Chemistry,
2007, 50(2): 279-283

CAI Hancheng, YIN Duanzhi, ZHANG Lan, et al. Prepa-
ration and biological evaluation of 2-amino-6-['F]
fluoro-9-(4- hydroxy-3-hydroxy- methylbutyl) purine (6-
['|F]JFPCV) as a novel PET probe for imaging HSV1-tk
reporter gene expression, Nuclear Medicine and Biology,
2007, 36(4): 717-725

ROTH, R, B, S KM 9O CdSe K AT
L& 5 R AR, B 2 2= 4, 2007, 23(7):
1220-1226

WIS, WERS, VPRI, 5. CdS BT RN A i 2
oA & A I b N T, Th e RE, 2007, 38(8):
1287-1293

KEE, WU, Bk, & %t CdTe 11 R

CdTe/SiO, grkki 7 & 5K, e EL, 2007, 38:

2174-2176

CHENG Dengfeng, YIN Duanzhi, ZHANG Lan, et al.
Radiosynthesis of '®F-(R8, 15, 21, L17)-VIP and prelimi-
nary evaluation in mice bearing C26 colorectal tumors,
Nuclear Medicine Communications, 2007, 28(6): 501-506

11

12

13

14

15

16

17

18

19

20

21

22

90

ZHENG Minggiang, YIN Duanzhi, SHEN Yumei. Syn-
theses of 2-(p-amino phenyl)-6-substituent-benzothiazoles,
Chinese Journal 2007, 27:
1369-1373

LIANG Sheng, WANG Yongxian, YU Junfeng, et al.

of Organic Chemistry,

Surface modified superaramagnetic iron oxide nanoparti-

cles:as a new carrier for bio-magnetically targeted therapy,

J Mater Sci:Mater Med, 2007, 18: 2297-2302

R, TR, B-Bid I = B BRAT AR (R SO AL A
G, AR, 2007, 30(1): 53-56

XD, ML, BURR, 5. B-BiFr i BT )
1 BOAARSN IR 5L, I 2R R A A AR, 2007,

38(5): 396-399

XU Wanbang, WANG Yongxian, LIANG Sheng, et al.

Optimized synthesis and fluorescence spectrum analysis of

CdSe quantum dots, journal of dispersion science and

technology, 2008, 29(7): 953-957

ZHENG Mingqgiang, YIN Duanzhi, QIAO Jinping, et al.
Syntheses and evaluation of fluorinated benzothiazole ani-

lines as potential tracers for f-amyloid plaques in Alz-

heimer’s disease, Journal of Fluorine Chemistry, 2008, 129:

210-216

ZHENG Mingqiang, YIN Duanzhi, LEI Bei, et al. Bio-

logical characters of ['*F]O-FEt-PIB in a rat model of

Alzheimer’s disease using micro-PET imaging, Acta

Pharmacologica Sinica, 2008, 29(5): 548554

SRR, S8R, WEFYEN, 5. — Rh I S R I A IX

IR R, REAN16 T, 2008, 25(9): 850-853

BHR, S07K)R, MW, 2. S R T =R
e i R A0 S W A s, KAl 4k 1, 2008, 25(10):

945-947

RS, F8KHE, TUE, 25 ZRKM BF il ik, BB
K, 2008, 31(10): 772-779

ROHERS, FMEAL, AR, A BB L —RERT AN

B BAR MR, AP, 2008, 28(1): 65-68

R, SRR, XITTE, 45 B-Hifr i — APk 59
OB R UM AL B U TR A, A AR,

2008, 66(4): 459-464



23

24

T, XIBtEE, VLT, 55, B-Mi & Mi-TEG-Re(CO); B, MRS, 2008, 25(5): 560-563

BCA A JBUR AR A0 AL, s 25 HER, B PRAE S M mArd, R R,
127254, 2008, 29(9): 1765-1768 2008, 21(3): 161-164

R, JLEMy, i, 55 B-Wid e FEmAaT =M

SR MY 2E Advanced Detectors and Instruments

TRARIR, 4. o N DALY 5 L R AT 820-828

I, BBR, 20074, 30(7): 629 7 ERGE, FHE, sk, 4. Multi-modal biometric
TRE, Whomr, AN, £5 XUE T (AT, CH AR verification based on far-score normalization, Int J of
A A WA gl oK S ORL, ) B A R, 2007, 56(8): Computer Science and Network Security, 2008, 8(4):
4829-4833 250-254

FRIM, 257, EBk, %% Pose insensitive face recog- 8 T8k, ZHEF, TR, 25 FET 48 Gabor /NIRAERE
nition using feature transformation, Int J of Computer FAE NSRS, VHEHL LR, 2008, 34(2): 8-10
Sciences and Network Security, 2007, 7(2): 89-957 9 &FIF, FFV, EHIWEE T YRS o e
WEGE, RO, BER2Z, 4% Characteristics of a prototype LURMER, LT, 2008, 34(7): 215-217, 220
CdZnTe detector, Nuclear Science and Technology, 2007, 10 3¢, piithhy, $EZ, 4. HL-2A 5T USB #Hil%
18(6): 356-361 P8 53 I TE A s B, A BOR, 2008, 31(1): 71-77
TR, B, BRI JBRMUESE AR E T % 11 ARBKGE, BES. &9 #% micro-SPECT % R4 fLUE
WA IR, R, 2008, 31(5): 384-387 FLAs AT, JR T RERFEEOR, 2008, 42(6): 535
Bk, Z=5°F, T, %5 2D gaborface representation 12 BRSO, TR R R ES I BE v JBOR s, %
method for face recognition with ensemble and mul- HiAK, 2008, 31(1): 78-80

tichannel model, Image Vision Computing, 2008, 26(6):

#i# K 11> Membrane Technology

& #p iR, Bk #€, B ¥ . Distribution of Acrylic
Acid-Grafted Chains Introduced into Polyethylene Film by 30 SAERmLE KBS, mAR S EN T2

Simultaneous Radiation Grafting Using Water and Ethanol #, 2007, 25(1): 47-50
as Solvent, Journal of Applied Polymer Science, 2007, 4 e, BhmewE, B, S5y S8R R R IR otk
103(3): 1570-1577 PVDF B, R 5HR, 2007, 27(2): 49-52

WRIE, bl skAE, 45 BRBONIRIRIR LIRS

AR % £ = Technology security

Jiw B, VAL, %4, Calculation and design for simulation, Chinese Science Bulletin, 2008, 53(9):
SSRF bulk shield, Radiation Measurements, 2007, 41: 1304-1309

S256 4 e IRsE, VEEYT, 2% Monte Carlo evaluation for
T#4E, ZHANG Hualin. Dosimetric characterization of SSRF beam holes shielding eutronsof front end ratchet
model Cs-1 Rev 2 Cesium-131 brachytherapy source in walls, Chinese physics C, 2008, 32(3# 1 I): 105-108
water phantoms and human tissues with MCNP5 Monte 5 HIEAR, YEIL, J7w W, % . Calculation of gas
Carlo simulation, Medical Physics, 2008, 35(4): 1571- bremsstrahlung power from straight section of storage ring
1579 at SSRF, Chinese physics C, 2008, 32(3#F1] T): 89-92
Fate, XD, YEIL, %, Dosimetric parameters of 6  feIEAR, VAL, E#E4E, 25 Study of the energy re-
thepalladium-103 brachytherapy source with Monte Carlo sponse of high pressure ionization chamber for high en-

91



ergy y-ray, Chinese physics C, 2008, 32(5): 370372 PGB, FRIATT T S5 L2244, 2008, 26(1):

T, ek, #52508, 45 MB EAMAEIN BGO & 5-8

PRI R SR PR A, 728 SR 9 FgE, BN, B, % Bles, TR 'CPd U S
AR, 2008, 28(3): 533537 HRIT VR W A% ) R B R B Y, OB T SR,
Tk, BT, BARP, S CCo a3 B R R A 2008, 27(6): 12231226

92



2007-2008 FEE 25 (FE) ERERAEZEES IR

2007

No. 4iX4# Conference Name HHi Dates HAE Scale

1 o7 MR T RH R RIS B 22 1 R 2 Wi v 1 9 June 29-30 54 N: HAEK49 N
Application of Synchrotron Radiation to Medical Clinical Diagnosis ESEAR - SN

) 104 AR T RH 5. 28 = AP ARG R AN ) Dec.6.7 42 N: HAEK3 AN
Top-Up Injection in 3rd Generation Synchrotron Radiation Light Source HEIANEH 3N

; YK RBE ST K B BT A R4 ) 2 PR aF e 5 Dec.14.18 380 AN: HAMESK 40 A
International workshop on Molecular structure and dynamics of interfacial water WEZK 40 A

. 105 WIZ T RS IE: D HR T X S 2RI A B AR S L v ] DecA6.17 62 N: HAEK0 N
Synchrotron Radiation X-ray Microprobe, Microscopy and Applications HEIANE 12 N

5 [FPHR AR RV - R FR S BOR 5 9K k) Dec18 L4 N EAMERK 4N
Workshop on Synchrotron Radiation and Nano-materials WEK3T A

5 [FEPHR S HAR RV - R BOR 5 B e} 2 Dec 19 IL46 N: ESMERK 2 A
Workshop on Synchrotron Radiation and Environmental Science WEZK 4 N

2008
2008 4EJi EPICS [H prfffist 4 Mar 10-14 50 N FHAMEZK 29 A

1 2008 EPICS collaboration meeting and EPICS seminar WEER 21 A
ICFA BN 7 27 /N BRI S-S A i % i T ke 2% v () B

2 ICFA Beam Dynamics Mini-Workshop on Deflecting/Crabbing Cavity Applications in  Apr.23-25 e )\; RIS A
Accelerators A2t

) MR TR R ER:  [FEP RS GRS 4 SRR Junel 718 L0 RN ERNLEK IR
Combinatorial materials characterization based on synchrotron radiation facility N, BEAMEFR 3 A
m%#ﬁm%EMMW%W@%M%—%%%%?%%%MTM@% T80 A A ER 17 s

4 FNCA 2008 Workshop on Application of Electron Accelerator- Radiation Processing  Oct.27-31

FEIAN L5 63 A

of Natural Polymers

5 AP SR TR 45 O0ct27.28 45 N HAMEF 1A
Workshop on Water at Biological Interfaces WEK34 A
M9 WIRTRHEORIR: T RPN GRS G BRI Y i)
;| 50 RN ENLEK L0 R

6 Oct.31-Nov.1 ] .
Applications of Microscope Imaging Based on Synchrotron Radiation Light Source in N, HAMEZK 4N
Biology

; 122 MR iR iR ts: A BT HOGE T80 Present and Future Free Dec 1.1 LR BHNEXK20 4

Electron Laser Schemes

N, BEAEHE A
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Presentations by SINAP scientists at international scientific meetings in 2007-2008

No. Meetings in 2007 Speaker Date & Place
1 International Workshop on Hadronic Nuclear Physics 2007 “Quarks in hadrons, nu-  Plenary, %<3/ Feb.21-Mar.1, Korea
cleus, and matter’ Plenary, 4
Oral, 543K
2 2007 World Conference on Ageing and Dementia in Chinese Communities Plenary, Ftifyik Mar.6-11, Hongkong,
Plenary, 4 1 i China
3 2007 IEEE Symposium of Foundation of Computational Intelligence Oral, 4=53°F- Mar.27—Apr.7, USA
4 STAR TOF-MRPC Workshop Oral, 4K Apr.5-8, China
Oral, ZZH17%
5  Workshop on Physicists and Biologists Working-Together-Facilitating X-ray Bio- Oral, Mk Apr.10-15, Australia
photonics
6  Italy-Australia Workshop (IAW-3) on Future Directions in Spectroscopy and Imaging  Invited, 4 A% Apr.14, Australia
with Synchrotron Light: New Light Sources
7 Sino-German High Level Expert Symposium on X-ray Optics Invited, RZE5E Apr.15-19, China
8  The 17" International Symposium on Radiopharmaceutical Sciences Oral, £ Apr.28-May.5,
Poste, F ik Germany
Poster, 74 LA
Poster, 5K
9  The 10" International Conference on Atmospheric Sciences and Applications to Air  Plenary, 7K JG il May 13-20,
Quality Hongkong, China
10 The 9 International Spring Seminar on Nuclear Physics Plenary, 43N May 18-26, Italy
Plenary, Z2¥1J%
11 2007 World Congress of Signal and Image Engineering Oral, 4=53°F May 18-26, UK
12 ICFA Beam Dynamics Workshop on Energy Recovery Linacs Oral, XIJ% &, May 20-26, UK
13 The 3 China-Singapore Joint Symposium on Research Frontiers in Physics Oral, 77T May 25-27, China
14 ECI Conference on Nanoscience and Nanotechnology for Biological/Biomedical/l  Poster, #tZ5i#F June 3-9, Hongkong,
Chemical Sensing Poster, <1t China
15 2007 International Nuclear Physcis Conference Plenary, h#HE June 2-9, Japan
16 International Conference on Nanoscience and Technology Plenary, Z=%5% June 4-6, China
Plenary, J¥ff i
Poster, i
Poster, 2=z
Poster, FHi4E
Poster, s
17 , n o Oral, 775 June 5-10, Canada
The 4t International Workshop on Radiation Safety at Synchrotron Radiation Source
18 The 3 Shanghai International Symposium on Nonlinear Sciencies and Applications ~ Plenary, J7 i June10, China
(Shanghai NSA '07) Plenary, Z=# It
19 2007 International Workshop on Nuclear Structure: New Pictures in the Extended  Plenary, J5 73 June10-15, Japan
Isospin Space Poster, HFHE
20 2007 International Conference on Strangeness in Quark Matter Plenary, h4Mil June 23-30, Slovakia
Plenary, Z2¥1J%
Plenary, 225 JH
21 2007 Particle Accelerator Conference Oral, X4 June 24—July 7, USA

Plenary. AT54R
Plenary, B
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Application of Synchrotron Radiation to Medical Clinical Diagnosis

The 4t International Conference on Marterial for Advanced Technologies
International workshop on nuclear dynamics in heavy-ion collisions andneu-
tron stars

Forum for Nuclear Cooperation in Asia 2007 Expert Mission on Application of
Electron Accelerator

The 5 International Conference of Aquaporin

The 16" International Conference on the Discrete Simulation of Fluid Dy-
namics

International Program "Computational methods in biomolecular structures
and interaction networks"

The 13t Annual IEEE International Conference on Nano/Molecular Medicine
and Engineering

2007 Conference on Medical Applications for Synchrotron Radiation

The 29 International Conference on Free Electron Laser

The 14" International Conference on Radiation Effects in Insulators
The 10t International Conference on Environmental Science and Technology

International Symposium on Isotope Science and Engineering from Basics to
Applications
The 7t Japan-China Joint Seminar on Radiopharmaceutical Chemistry

The 11t Biennial International Conference on Accelerator and Large Experi-
mental Physics Control Systems
Sino-French Workshop on Bioorganic and Medicinal Chemistry

2007 Low-Level Radio Frequency Workshop

The 2" Asia-Oceania Forum on Synchrotron Radiation Research

2007 Advanced Science Research Symposium

2007 SPIE Asia Photonic

The 6% Nuclear and Particle Physics Conference

The 28 Meeting of the Joint Committee for Cooperation in High Energy
Physics

The 3 Shanghai International Nanotechnology Cooperation Symposium

International Symposium on EcoTopia Science 2007

UK China Partners in Science Il

ISO/TC201 16t Plenary Meeting

Top-Up Injection in 31 Generation Synchrotron Radiation Light Source

The 4t National Conference on Synchrotron Radiation

Oral, 4t
Plenary, 257
Oral, 4N

Oral, %H &

Plenary, = g
Oral, J5iTF
Oral, 2=t
Oral, J77R1E
Oral, J5iT

Oral, #H%

Oral, H#47F
Oral, 3 AL
Plenary, JiI5R
Plenary, JijisH
Oral, K& 5
Poster, 7K G
Poster, Z=IBetk
Poster, X T2
Poster, x| T

Oral, Ftuiiiik
Oral, T4k
Oral, XIJfA5i

Poster, XI|%i [l
Poster, &4/
Oral, & A
Oral, fi] 7 1
Oral, S i
Plenary, Xij:04
Oral, FI3CH
Oral, fRtA
Oral, B4
Invited, ##35iE
Oral, Z=ifg
Poster,
Plenary/Poster, & B i
Oral, #tF7ifg
Plenary, &%
Oral,
Oral, fli{=
Oral, J7ZRIE
Plenary, M7+
Plenary, ¥4~
Plenary, 3%
Plenary, i [n] %
Plenary, 4h#%

June 29-July 30, China
June 30-July 7, Singapore
July 7, China

July 1115, Vietnam

July 1316, Japan

July 22-28, Canada

July 29-Aug .4, Singapore
Aug.6-9, Macao, China
Aug.24-Sept..1, Canada

Aug.25-Sept.1, Russia

Aug.26-Sept..2, France
Sept.3-11, Greece

Sept.17-21, Japan
Sept.26-30, Japan
Oct.14-20, USA
Oct..17-19, China
Oct.20-Nov.4, USA
Oct.31-Nov.5, Taiwan, China
Nov.5-10, Japan
Nov.11-16, China
Nov.14-22, Egypt
Nov.17-23, USA
Nov.21-23, China
Nov.22-27, Japan
Nov.24-Dec.2, UK

Nov.28-Dec.2, Japan
Dec.6-7, China

Dec.6-7, China

95



No. Meetings in 2007 Speaker Date & Place
50 ) . . Plenary, #H% Dec.14-18, China
International Workshop on Molecular Structure and Dynamics of Interfacial Water
Poster, Mg
Poster, 11t
Poster, Z=ifi
Poster, Z=1%
Poster, 7k3i
51 The 5t Singapore International Chemistry Conference Oral, $4%ifg Dec.17-19, Singapore
52 Synchrotron Radiation X-ray Microprobe, Microscopy and Application Oral, fRtA Dec.17, China
Oral, K
53  Workshop on Synchrotron Radiation and Nano-materials Oral, Afif_ & Dec.18, China
Oral, JH2¢Zg
54 Workshop on Synchrotron Radiation and Environmental Science Oral, 4= Dec.18, China
Oral, 755475
No. Meetings in 2008 Speaker Date & Place
1 The 20" International Conference on Ultra-Relativistic Nucleus Nucleus Collisions Oral, Hh4xMI Feb.3-11, India
Plenary, 245
Poster, 4%
Poster, /=%
2 The 10" International Workshop on Accelerator Alignment Oral, it Feb.10-16, Japan
Poster, fi]%
3 The 3¢ Environmental Physics Conference Invited, FKAEEAK  Feb.16-25, Egypt
4 EPICS collaboration meeting 2008 and EPICS Seminar Oral, XI|{f & Feb.12-14, China
Oral, ¥LAZ A
Oral, ¥ Hx&
Oral, VFhi4f:
Oral, yLIH=%
5  The 4™ International Symposium on Ultrafast Phenomena & Terahertz Waves Plenary, &4  Mar.29-31, China
Plenary, /i
6  ICFA Beam Dynamics Mini-Workshop on Deflecting/Crabbing Cavity Applications in Accelera- Oral, #X#<% Apr.23-25, China
tors Oral, &) Hj
7 The 15" International Symposium on Bioluminescence and Chemiluminescence Poster, 7K#]ES May 13-17, China
8  Biosensors 2008 (The 10t World Congress of Biosensors) Poster, & it May 14-16, China
9  The 7" International Conference on the Scientific and Clinical Applications of Magnetic Carriers Plenary, YE5 %%  May 20-28, Canada
10 International Workshop on Heavy lon Physics at LHC Oral, &% May 21-24, China
11 The 5" International Workshop on Wearable and Implantable Body Sensor Networks, and the Oral, %4 May 31—Juned4,
5% International Summer School and Symposium on Medical Devices and Biosensors Hongkong, China
12 Pohang Accelerator Laboratory- International Advisory Committee Meeting Oral &4 5 June 1-4, Korea
13 International Workshop on Nuclear Structure Physics Oral, 44 June 1-7, China
14 The 3 International Symposium on Biomedical Engineering Bio-analysis and Nanotechnology ~ Plenary, % tH: >} June 8-11,China
15 International Workshop on Mechanical Engineering Design of Synchrotron Radiation Equip- Plenary, f% 7%  June 9-15, Canada
ment and Instrumentation Plenary, 4475
Poster, FH%
16 The 11t Biennial European Particle Accelerator Conference (EPAC'08) Oral, A4 June 21-28, Italy

Plenary, ¥ithZs

Poster, ¥4 JH it

Poster, [k it

Poster, 214
Poster, [7] Wity
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No. Meetings in 2008 Speaker Date & Place

17  The14t International Conference on the Environment Oral, KA June 29-July 5, Canada

18 Hardon and Nuclear Physics 2008 Oral, 43K June 30, China
Oral, ZZ¥1)F

19 China-Japan Information and Communications Technology Forum 2008 Poster, h-1¢ July 8-9, China
Poster, XIJkEl%

2 American Biological and Lichenological Society Joint Meeting with International Associa- Oral, 5K Gl July 12-20, USA

tion of Lichenology

21 17th Annual Conference on lon Mobility Spectrometry Oral, Z=55°F July 19-26, Canada

22  International Hydrogen Forum (HyForum 2008) Plenary, 41K Aug.3-6, China

23 The 30t International Free Electron Laser Conference Poster, X[SyEuH Aug.23-30, Korea

24 The 2nd Asia-Pacific Symposium on Radiation Chemistry (APSRC-2008) Invited, 5= [ & Aug.28-Sept.2,Japan
Invited, %k S 7
Oral, Z= 54t
Plenary, 54145

25  The International Conference on Nano Toxicology (ICNT2008) Oral, ##%1 Sept.7-10, China
Poster, 1 0% %
Poster, #</N75

26 Sino-Singapore Symposium on Advanced Materials Invited, #tF} Sept.25-26, China

27  International Conference on Strangeness in Quark Matter 2008 Plenary, #7175 Oct.6-10, China
Plenary, [44 ¥
Poster, [ =

28  Satellite Meeting of the 2" Sino-German Frontiers of Chemistry Symposium Invited, A% Oct.6-10, China

29 The 2 Asian Triangle Heavy lon Conference Oral, #2¥)} Oct.12-15, Japan
Oral, J7fiiig
Plenary, & [H 7%
Plenary, [44 ¥

30  The 13" International Biotechnology Symposium and Exhibition Invited, %% Oct.12-17, China

31 The 14t Biennial International Meeting of the Society for Free Radical Research Poster, 5K/ Oct.17-22, China
Poster, Rt E&

32 The 12t International Congress of the International Radiation Protection Association Plenary, XM Oct.18-26, Argentina

33 2008 Joint Symposium on Molten Salts Oral, ¥by%Mk Oct.18-24, Japan

34 The 7" International Conference on Nano-Science and Technology Plenary, # 1%  Oct.23-27, China

35  Workshop on Water at Biological Interface Oral, J5if§"F- Oct.27-28, China

36 FNCA Workshop on Radiation Processing of Natural Polymer Oral, [ Oct.27—-31,China
Oral, 4={&1]

37 The 5% Asia-Pacific Photochemistry Conference Plenary, JEf55,  Nov.1—4, China

38  The 15t Asia Pacific Conference on lonic Liquids and Green Processes Poster, ¥ 11 Nov.5-9, China
Poster, X1 & i
Poster, S

39  The 2nd IEEE-NANOMED Invited, #£#%F  Nov.6-9, China

40  Great Wall 2008 International Congress on Medical Physics and the 14t National Annual  Invited, %4> Nov.23-26, China

Meeting of Chinese Society of Medical Physics

41 Photonics and Opto Electronics Meetings 2008 Plenary, -4  Nov.24-27, China
Plenary, XIJf: &

42 The 2 China-Japan-Korea Joint Seminar on Fluorine Chemistry Oral, XFi% Nov.27-28, China

43  The 3 Asian-Oceania Forum on Synchrotron Radiation Research Invited, X & 5 )

Nov.30-Dec.6, Australia

Poster, 228

44 The 3 Asian-Oceania Week of the Australian Synchrotron Invited, {r] 2 1 Nov.30-Dec.6, Australia

45  International Workshop on Photon and Jet with ALICE Oral, &5 43 Kl Dec.4-6, China

, , _ - Oral, Z=3t)it .

46 The 10t International Conference on Control, Automation, Robotics and Vision Dec.16-21, Vietnam
Plenary, T8

47 2008 International Symposium on Information Science and Engineering (ISISE 2008) Poster, 3% KU Dec.20-22, China
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2007-2008 FT Az MBI F Rz &

2007
No. #R& BEA GREARAD HEA
1 oL RE R G e Lr A A WA R RIA K Jan.19
2 HAHE S I TR R 25 5 BR WG TS (KA BEWF TR ey leg T Jan.19
3 Thermal diode and thermal transistor: the art of controlling heat flow AR S0 ORI N R 2 R Mar.8
4 Studying biomaterials using Nanotechnology Dr. Umemura Kazuo Mar.5
(Musashi Institute of Technology, Japan)
5 Proteins under force: activation and folding Frauke Graeter fi-1-(BHE LL I K240 # R) Mar.15
6 Investigation of chemical bonding using surface sensitive techniques Prof. A.R Chourasia Mar.23
(Department of Physics, Texas A&M University)
7 Novel optical response of highly excited semiconductor quantum wires £~ fii-}- (CREST, JST and Department of Physics, ~ Apr.11
Osaka University, Japan)
8 Radipharmaceutical studies at Institute of Nuclear Chemistry and  Aleksander Bilewicz #(#% Apr.12
Technology (B =R Az A S BRI
9 National laboratories in the context of US R&D and introduction to  Dr. Robert Rosner Apr.23
Argonne Laboratory and APS status (Director, Argonne National Laboratory, USA)
10 Regulation of cell growth and tumor progression by MAP kinase and  Prof. Marsha R. Rosner (Charles B. Huggins Professor, Apr.23
Raf kinase inhibitory protein Director of Ben May Institute for Cancer Research,
University of Chicago, USA)
"N RIS L SR R TR RE TiiGe 8 1 May 22
12 M.R. molecular imaging REE WL May 23
13 KTy &0 KRS BERAERE R FYIER) May 25
14 Cell nano-structured surface interaction Prof. U. Hartmann (Experimental Physics Department, May 29
University of Saarbruecken, Germany)
15 Optical metrology for nano-biophotonics: Nano-materials and  Dr. Jeeseong Hwang (Optical Technology Division, May 31
nano-biophotonics for the biophysics of life processes National Institute of Standards and Technology, USA)
16 Study on interaction of THz EM field with matters TEJ7 W 51 (P B2 B 5T T June 4
17 Decay of periodic patterns in a nematic liquid crystal Dr. Nandor Eber (Institute for Solid State Physics and June 6
Optics, Hungarian Academy of Sciences)
18  The latest developments for Australian synchrotron Prof. Frank P Larkins (Deputy Vice Chancellor, June 6
University of Melbourne, Australia)
19 Structure and function of ADAMTS13 and VWF Dr. Hua Jing (Medical School at Houston. The University June14
of Texas, USA)
20  Computer simulations of proteins and nucleic acids: Structure, dy- Nan-Jie Deng i1 (Accelrys Inc., San Diego, USA) June14
namics and energetics
21 The pathogenesis mechanism investigation of the Alzheimer’s disease  Prof. Tsuneo Urisu (Institute for Molecular Science, June 25
and ion-channel biosensor Myodaiji Okazaki, Japan)
22 Nanomagnetics for biomedical applications Prof. Wang Jianping (Department of Electrical and July 4
Computer Engineering, University of Minnesota, USA)
23 DNA microarray probe design Shoudan Liang July 12
(Depart. of Bioinformatics and Computational Biology,
M.D. Anderson Cancer Center, University of Texas, USA)
24 Phase transitions in isolated nuclear systems Dr. M. Veselsky (Slovakia Academy of Science) July 16
25  Correlations and access to dynamics and structure of nuclear systems ~ Dr. G. Verde (INFN-Catania, Italy) July 16
26 Partonic collectivity at RHIC Dr. Nu Xu (Lawrence Bekeley National Lab, USA) Aug.20
27  Radiation application in industry and agriculture Dr. T. Kume (A% ST Re0F S A LAA) ey 0 091 59T Aug.31
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No. k& HEAN GREANELD HHA
28 Three-dimensional X-ray diffraction microscopy and its applications in  Miao Jianwei Aug.31
nanoscience and biology (University of California at Los Angeles, USA)
29 Proton therapy at Paul Scherrer Institute; Molecular imaging research  Prof. Pius August Schubiger (Institute of Pharmaceutical Sept.3
at the Center of Radiopharmaceutical Science Sciences, ETH/Swiss Federal Institute of Technology)
30 pQCD HEZE T A% — Kz hllfik FEASE WSO (PR T REDETU e ELPT)  Sept3
31 ["C]IMPY derivatives as potential radioligands for beta amyloid inAD ~ #&F/f: 184 (3%[# NIH staff scientist) Sept.5
32 Future plan of ERL project and on-going project of J-PARC Prof. Osamu Shimomura (Director, Institute of Material Oct.10
Structure Science, KEK, Japan)
33 Tumor targeting for imaging and therapy Lee Zhenghong(Case Western Reserve University, USA) Oct.10
34 Molecular Imaging: an update Lee Zhenghong(Case Western Reserve University, USA) Oct.18
35  Towards the future of structural biology Prof. Wladek Minor (Department of Molecular Physiology ~ Oct.22
and Biological Physics, University of Virginia, USA)
36  Study of chemical evolution using synchrotron radiation-anisotropy:  Dr.Jun-ichi Takahashi (NTT Science and Core Technol- Oct.26
Introduction to bioorganic molecules by polarized light ogy Laboratory Group, Japan)
37 PETRA IIl —the new third generation light source at DESY Hermann Franz (DESY, Germany) Oct.29
38  Computational study of peptide self-assembly F) 4 BIREBRKFYER) Oct.29
39 Nuclear science with RIBF Hiroyoshi Sakurai FATAF5T 53 (H ASFEAL240F 57 FT)  Nov.1
40 Use of natural radioactivity radon as a tracer in the atmosphere WHZER Bl B R L HAJRTJ7 Novt
PR IR A A s AR S BT 44 T 4)
41 Reaction cross sections to explore exotic nuclei Mitsunori Fukuda (Dept. of Phys, Osaka Univ., Japan) Nov.2
42 Computer simulation of biomolecular interactions Prof. Volkhard Helms (Theoretical Physics Department,  Nov.20
University of Saarbruecken, Germany)
43 Geometry and mechanics of carbon nanotubes and gigahertz Prof. James M. Hill (School of Mathematics and Applied Nov.28
nano-oscillators Statistics, University of Wollongong, Australia)
44 Properties of the superheavy nuclei in the RMF model Prof. Stefan Gmuca (Institute of Physics, Slovak Acad- Nov.29
emy of Sciences)
45  Accelerator development for photon science at a new SLAC Robert O. Hettel (Director of Accelerator Systems Dept., Dec.7
Stanford Linear Accelerator Center, USA)
46  Characterization of single crystal using a laboratory and synchrotron  Prof. Masami Ando (‘Z # iF #F)(Tokyo University of Dec.11
X-rays and its application to X-ray optics for study of medicine Science, Japan)
2008
No. k& WEN GREARLD H A
1 Switching response of DNA conduction under stretching Song Bo (Institute for Theoretical Physics, University of ~ Jan.1
Regensburg, Germany)
QCD Phase Transitions and Signatures of Quark-Gluon Plasma FEMS T #37 (HERFEDHR) Jan.10
The Australian synchrotron Dr. Robert Lamb (Director of Australian Synchrotron, Jan.17
Professor of University of Melbourne)
4 Room temperature ionic liquids as solvents: Insights from simulation; Prof. Ruth M. Lynden-Bell (Chemical Laboratory, Univer- Jan.22
Towards understanding the properties of liquid water —Insights from  sity of Cambridge, UK)
simulations of modified water models
5 Photon-in photon-out spectroscopy and the Canadian Light Source Prof.Tsun-Kong Sham (Department of Chemistry, Univer- Jan.23
sity of Western Ontario, Canada; Director of Canadian
Synchrotron Radiation Facility)
Analysis of nanomaterials using synchrotron radiation Prof. Tsun-Kong Sham Jan.24
Dysfunction of calcium release channels in the pathogenesis of car-  Xander Wehrens Jan.25

diac arrhythmias and heart failure

(Assistant Professor, Depart. of Medicine, Division of
Cardiology in Baylor College of Medicine, USA)
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2008

No. 3R& WEN GREARLD H A
PO TTBAE AL 7] T BB AS SN beta TEARIF 5T 1) B NG B (LS YL R) Feb.26
A Minority Game Iz LA XM BkVA KT BN 2 HT PR BARURRURE R B T RPUR R LR Mar19
(Analysis of the market mechanism for price fluctuations by using a 7 L24% 1)
minority game model)
10 Chemically designed nanoparticles and nanowires: Controlled growth,  Prof. Sanjay Mathur (Leibniz-Institute of New Materials Mar.26
applications and devices Saarland University, Saarbruecken, Germany;
Department of Chemistry, Wuerzburg University, 97074
Wuerzburg, Germany)
1 PET imaging of agiogenesis Dr. Xiaoyuan Chen Apr.1
(Assistant Professor, Radiology Department, Molecular
Imaging Program at Stanford, Stanford University)
12 RESOUHATHR ORI AT ST g Apr.8
13 Understanding role of tumor suppressor genes in dosophila cogenesis ~ ZEH1 % #4%( LAl K2 A dn Bl HoR 24 58)  Apr.8
14 Novel protein scaffolds for molecular probe discovery Zhen Cheng (Assistant Professor, Radiology Department, Apr.14
Molecular Imaging Program at Stanford, Stanford Univ.)
15 Al TECE AR B (SR A £ e ity SCIH XS0 =) Apr.16
16 The structuring of nanomaterials by electron irradiation Prof. Florian Banhart Apr.24
(Institut de Physique et Chimie des Matériaux, France)
17 Challenges to metallomics and analytical chemistry solutions Prof. Ryszard Lobinski Apr.28
18 YU YRR IS (F Rk 27 e ) BRI 5T BT Apr.28
19 EREORTEMEEFS P R A FEGU Hd% (AR R ) May 5
20 HORAEDMLIERS PRML I (R May 16
21 New developments in QEXAFS - experiments and science Prof. Ronald Frahm(Faculty C/Department of Physics, May 16
University of Wuppertal, Germany)
22 GAVERE R KRR LR e 18- (Max Planck Institute for Bioinorganic May 26
Chemistry, Germany)
23 STARatRHIC VP& HIFFL R (LBNL, USA) May 27
24 ImIRPEAEBES N PR 2RI JEE T (RAUR S B 2 PR RS R, NI May 28
ISR
25  Development of X-ray microscopy and its application to biomedical  Prof. Hiroshi Kihara (Department of Physics, Kansai May 30
sciences Medical University)
26 Radioactive biodegradable polymers for magnetic targeting Dr. Urs Héfeli.(Faculty of Pharmaceutical Sciences, June 3
The University of British Columbia, Canada)
21 EABUE R RN Wi 2B SR It (5 P 2 W 3 B 0K ) June 6
28  XAFS and PEEM observations on low-dimensional and nanostructure  Prof. Yuji Baba June 23
materials (G, HARR T I IT &)
29 Solving the problem of absence of detailed balance and unification of ~ #i°f- ¥+ June 24
dynamics near and far from equilibrium (36 R M R ATUR 2= U 2 R R B 2R i 2082
30 FIASILIE SR A6 RS IR A BT 5 0 IE I 2 (o TR T 0 25 U June 25
TP R TR I %)
31 Recent progress in constraining the nuclear symmetry energy and its  Bao-An Li #(4% July 2
astrophysical impacts (Texas A&M University, USA)
32 SEINHRAE RS KF A PLC RTOS AEHAEMIBR 2842 Hl R4 1) Jun-ichi Odagiri( 1A KEK&JPARC #iill4H) July 2
I3 ]
33 ik LT R S S A R A A F N IRER RGP N July 3
34 High-pT J/Psi at RHIC VFRKAN BIFF0 0 (35 BNL B 55050 %) July 17
35 Novel core-shell magnetic nanoparticles: Synthesis, magnetism and  You Qiang (Department of Physics, University of Idaho, July 24

biomedical application

Moscow)
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No. k& BEAN GREARLD HHA
36 Avariational approach to moving contact line hydrodynamics Qian Tiezheng FHZ (F s RH K 2) Aug.28
37 Nanotechnology at the Technical University of Denmark Dr. Mogens Rysholt Poulsen (Director, DTU Danchip; Sept.17
Acting Director, DTU Nanotech Technical University,
Denmark)
38 Multi-scale modeling approaches to understand biological structure  Prof. Marcus Elstner(Technical University of Sept.22
and function Braunschweig, Germany)
39 Ultrafast synchrotron X-ray phase-contrast imaging study of fluids Dr. Yujie Wang (X-ray Science Division, Advanced Sept.25
Photon Source, Argonne National Laboratory, USA)
40 New horizon of materials science probed by unconventional use of  Prof.Hiroyuki Oyanagi (Photonics Research Institute, Oct.30
fluorescence XAS National Institute of Advanced Industrial Science and
Technology, Japan)
41 Overview of laser-plasma acceleration science at LBNL Dr. Wim Leemans and Dr. Eric Esarey (LOASIS Oct.31
Program, Accelerator and Fusion Research Division,
LBNL, USA)
42 Computer simulation of protein-protein association in water Prof. Volkhard Helms (Saarland University, Germany) Nov.10
43 Conductivity and electron transfer in DNA Prof. Tetsuro Majima (Osaka University, Japan) Nov.10
44 Directed molecular association, folding and macrocyclization R B Nov.14
(State University of New York at Buffalo, USA)
45  Femtosecond laser beam— linking the ultrafast and ultrasmall worlds ~ F2 3. (1 [ B} 2 g g e HLIT a3 WO W BEE % Nov.14
SR )
46 [llumination Invariant Face Recognition and Robust Technique in Face  Dr. Xuan Zou (Center for Vision Speech and Signal Nov.19
Processing Processing, University of Surrey, UK)
47  T-shaped GaAs quantum-wire lasers and field-effect optical devices Prof. Hidefumi Akiyama(Institute for Solid State Physics, Nov.28
University of Tokyo, Japan)
49 Nanomedicine based on dendrimer-organized organic/inorganic hy- 5 i) PH #0452 (Z= fE K245 B H057) Dec.12
brid nanoparticles
50  Quest for short x-ray pulses Dr. Alexander Zholents (Center for Beam Physics, Nov.15
Accelerator and Fusion Research Division, LBNL, USA)
51 Recent progress on X-ray free-electron laser Dr. Bart Faatz (DESY, Germany) Nov.15
52 Monte Carlo simulation and its application Kim Chan Hyeong 3% (i Bl BH K 24 4% TR 5Bt)  Nov.15
53 Dynamic phases of confined liquids: Why water is so special Prof. Jacob Klein(Department of Materials and Interfaces Nov.16
Physical and Theoretical Chemistry, Weizmann Institute
of Science, University of Oxford, UK)
54 Present status of SPring-8 macromolecular crystallography beamline Dr. Go Ueno Nov.18
(Technical Scientist, RIKEN SPring-8 Center, Japan)
55 GBI R, BUE U RV H A58 77 BRI & 5K Nov.19

101



f% 5

20072008 & FI|HIFIZIN—m &

NO. EFRIZW CE] B LFIH5
1 — s DUAE AL R N 1R 7 v 200710036291.X odi|
2 AGEE 200720066522.7 S5 FH
3 B-Mi B s — R SAT LW M HeA BT VAR N 200710037160.3 o
4 - M R BA AT A= T o i AN R 200710037161.8 R
5 — TR BBORE S H 4% T vk 200710037471.X el
6 RS I RE A DKL S S BEREME K 2 B iR ol £ 1% 200710038353.0 |
7 R B K S L 200710039329.9 di]
8 TR KA i 898 B R T L R B Al KA s 4 B B 2 Pl s 7 2% 200710039533.0 i
9 IRIPBEMERIL AL AW B H A T RN 200710039985.9 R
10 = RHARAT 200710040288.5 R
M —FFGbR A NSNS 24k G 4 S H I £ 7 VAR 200710103614.2 o
12 DNA 2> T HI/ah K B kg 8 7 vk 200710041865.2 R
13 —FlKEERBORE A 4 7k 200710043427 .X di]
14 — PR ZEIR G MR 1 R A 2% DNA RS 77 72 S L & 200710046090.8 R
15 B-MEIFEMGNTAY KIL Re BLAWIFI*Re FRid®. LA BTG 200710149900.2 R
e A
16 B-Mif I S AT e S I B IR T i 200710181826.2 odi|
17 Coo I ZFREEATE WAL T VR LRI A A0 AH S 93 Hh 11 FH 200710046616.2 R
18 BB KRR N RS 2007101706341 oAl
19— DNA BRI 7 ik R Ak & 200710048129.X R
20 PR DNA 1) i-motif #4512 T vk 200710048136.X R
21 R EEEAE A RS T R 200710172972.9 |
22 —TmEE A S K N TTEFIE D 2 % Da ZARFEBURIBIN. 02110824.2 71.02110824.2 R
H
23 EFRET WA S AT S TR R T ik 02111906.6 Z1.02111906.6 |
o ['8FIRUFR iC RN E 28 4k &) B L 4% 7 i RIAE Dy 22 (1 Da 524K 4% 02136016.2 7L02136016.2 R
SN
25 EIBENOCEEE . R IE SIS TS 03141410.9 ZL03141410.9 |
26 AN E R IR B L ST N R ISR T Tk 03151467.7 7L03151467.7 R
27 Coo MIATAEY) W WmEEAE G 5% 6 R U T () . 200410018372.3  ZL200410018372.3 &M
28 P FHREANRE AU K IL I VAR 200410025032.3  ZL200410025032.3 & H
29w TS TR E S AR I ik 200410025135.X  ZL200410025135.X ™
30 —FhSTIRWEE AR R 1 200410089449.6  ZL200410089449.6 & W
3N BLAGEIYE T 200410093245.X  ZL200410093245.X & W]
32 RIGRGBIR I e A T 200510026477.8  ZL.200510026477.8 A
33 RIG RGN KBRS S LY 200510026746.0  ZL200510026746.0 M
34 MBR -V FRELEZb Ik EEVE TR 200520047262.X  ZL200520047262.X 52
35 /M MBR 2% EIR A GV LA FL & & 200520047260.0  ZL200520047260.0 s fH i
36 IMS KX 200520047493.0  ZL200520047493.0 ST
KA s )} E R 200620047378.8  ZL200620047378.8 sl Hr Y
38 [ A LR T R PR ) 2 200820054730.X S
39 —FPH T DNA Kl Ak A5 5 B4 R i £ 75 R0 DNA A% 200810032870.1 R

Jiik
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NO. HHI&FK HiES B5 L FK5
40 —FhET YIRS 5IZIR AR A I 7 200810036219.1 |
4 S ESA AR R A 200810036428.6 il
42 —FIIRBATE LR A S TR, B T R AN 2008100376442 |
43 T 2R P i 248 ¥4 AT A ) B v Tl B Lt 2% 7 v R Y 200810037632.X il
44 JRRTRE 24 i R RO 25 A8 I vk 200810039967.5 |
45  FIF THz-TDs % FAS R JE P 1 JBR 245 200810040557.2 KW
46 — BRI E AR K AR SR A 7 200810040814.2 |
47 TR A B PR SO 1) i 43 TS R I 200810041112.6 KW
48 —Fp IR ARG IR R L T R & 200810041972.X |
49 TR P BRAR I 2 RGD J7 911 22 JTk S Lt 2% 5 12 R i ik 200810042679.5 KW
50  BEARALARINE A 200820153336.1 SR B
51 TR LIF AR AR E RILE S Hl& J5ik RH i& 200810201238.5 il
52 BE ARG A IR RO RSN g B HC T AR A P i N 200810202277.7 |
53 FhEET ARG 55 R R 45 K (R 53 T4 0 g v 200810202737.6 R
54 — BT ESE S T I 0 To 3N ) i O i L RI/ERME 200810202738.0 |
A DaRES
55  —MHLEFERICRSE 200810203100.9 |
56 TG GY) . AR E ST B S K T R R & FER A 200810203560.1 KW
WARER
57 Tl 2 7K AH B R AR B 2R R v 200810204210.7 KW
58  Method for gas storage US/12/086, 939 i
59  Amethod for storing gas EP/06805231.5 KW
60 AR T JP/088126YJP R
61  JEUNPE RSB R I ik 02136015.4 71.02136015.4 KW
62 AT ARSI AL 1B SR R A L 2% vk 200410017746.X  ZL200410017746.X M
63 O-Q2BFPR AL -L-BRE BRI & BT % 200510025005.0  ZL200510025005.0 % H
64 HLT AN BB B ) g S A 200510025131.6  ZL200510025131.6 &
65  RFLAR IR WEARI S L) 45 g v A i 200510031066.8  ZL200510031066.8 /% H
66 AL E 200720066522.7  ZL200720066522.7 s H Y
67  HERIR I i AR R 200510024230.2  ZL.200510024230.2 % H]
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2007-2008 Lig YEMIE L. MIFAIR TR

2007
No. 247 24 b FIm WIEH 7
1 it ERE LY WRIEAE T DA B I s P R T A KB AR R
()45 %
2 Bt EEIE s R R 05 TR RN 3 T 4 S B R 9 o TS A
3 Bt LR T B FUTASH R it MEA Hl 458757 A
4 Bt MaZE Ty Fhibalss A AR ) S N B AL B S K e T B R 1 S R
fie L5 N ST PRFIK BE AL
5 4t M AR KN KRG YRR SN K VR ) RS PR AR 5T TR BRI R Y
M H
6 Lt ERE  BHEHARKNH Zefn  SSRF b s i des IR sL i oy MDA eI 5 R &R AR
J N
7 Mt TaEE BEEARENA XIFASR  EPICS & R GEh M & H AR I DRIk a4 R 4
8 Bt A RN WilZE  RETRE TUREBITEE M TR E T I AR KN H
SIS IR Al el
9 Bt 2 ML W RS AR AR AR & L2k ERYCRI R
TG B G A R )20 1N
10 B g Tl KEE TR R R fe R ShREE s TR
W5
1M HE HEN R TFYE SR K R T ORER N RRAUCK A AR gRAR
TR SZESTIFSY
12 HE BRI Ehke RER BACKE RO RE A LIk MR gk R
RN ST
13 M skards R TFWES R VT GURORE ER RN E R YIRS A WIHIAS
T
14 #E eE ThUEE RER  YRMRS RN TR R NS GRS R AR
JIHWR
15 flE A WFE SR AR N LR MR L Z Ak r) Ry
T HEFLE
16 Bt AR R TYHESE G MXHEM AT REIERE RS P AT BT ER KN
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