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Preface

Welcome to the Asia-Europe Physics Summit, ASEPS.

Although a lot of international projects in physics research have been conducted, although a
variety of cooperative programs have been devised and carried out by governments/funding
agencies, academies and physical societies, the ASEPS is the first attempt for relevant players
promoting physical sciences to get together in one place to discuss common issues and future

prospects of physics research.

From 30 countries/regions, both from developed and developing countries/regions, about 200
participants have registered and 100 posters have been submitted.
This booklet is a compilation of the submitted posters, which will help you surveying physics

research and related activities in Asia and Europe.

We wish the ASEPS series will help promoting and strengthening Asia-Europe cooperation in
physics research by providing a long lasting platform for discussions towards mutual benefit
between Asia and Europe, between researchers and governments, and between developed and

developing countries.

On behalf of the ASEPS organizers, co-chairs (DPG and MN) acknowledge JSPS (Japan
Society for Promotion of Science), CNRS (Centre National pour Recherche Scientifique) and
KEK (High Energy Accelerator Research Organization) for their substantial support.

We express our thanks to AAPPS (Association of Asia Pacific Physical Societies) and
EPS (European Physical Society) for endorsing this project and for their leading role in
carrying out the Summit and to JPS (Physical Society of Japan) for its firm commitment in
the organization. We also thank all our friends in Asia and Europe whose cooperation was

essential establishing this Eurasia network.
Co-chairs of the ASEPS organizing committee

Mitsuaki Nozaki (KEK)
Denis Perret-Gallix (IN2P3/CNRS)
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Supporting
Research
Initiatives

Grants-in-Aid for Scientific Research, or
“KAKENHI”, are awarded to promote
creative and pioneering research across a
wide spectrum of scientific fields, ranging
from the humanities and social sciences
to the natural sciences. More than 40% of
Japan’s competitive funding is provided
by way of Grants-in-Aid for Scientific

Research.

FY2008 Grants-in-Aid for Scientific
Research by Research Field
(percentage based on amount of funding)

Social

Mathematics
and Physics

Environment,
Natural Disasters
R and Energy Sciences
Neurological Earth and
Sciences Space Sciences

Dentistry

Pharmacology

Adult-onset and Material Sciences
Infectious Diseases, "

and Other Disorders Information Technology,

Electrical and Electronic

Engineering

Structural and Functional

Engineering

Hard-to-cure
Diseases, including

Cancer and AIDS

Number of Proposals
for Grants-in-Aid for Scientific Research

Proposals submitted [l Proposals selected

~—@—— New proposals submitted New proposals selected
140.000
120.000
104,000
100.000 L
102,000 99,000
80.000
60.000
56,000
40.000
20.000
0 2006 2007 2008(FY)

http://www.jsps.go.jp/english/index.html

JSPS’s 4 MAIN PROGRAM PILLARS

The Japan Society for the Promotion of Science (JSPS) is an independent administrative institution,
established by way of a national law for the purpose of contributing to the advancement of science in all
fields of the natural and social sciences and the humanities. JSPS plays a pivotal role in the
administration of a wide spectrum of Japan’s scientific and academic programs.
JSPS has established a variety of funding systems to support research that advances science on a
level of excellence anticipated to generate new knowledge assets and matrices.

Fostering Next
Generation of
Researchers

Research Fellowship for
Young Scientists

Strong emphasis is placed on doctoral
and postdoctoral fellowship programs
designed to foster and secure excellent
young researchers.

Postdoctoral Fellowship for
Research Abroad

This fellowship helps to foster and secure
talented young Japanese researchers
endowed rich international perspectives.

No limitation is placed on their selections
of research topics or host institutions.

Total Number of Fellowships

(persons)
6.000 5,648

3.000

bc Dc DC DC pC
2.000 3,420 3,600 3,890 4,260 4,470
1.000

o 2005 2006 2007 2008 2009(FY)

Terms of Research of Fellowships
Doctoral Restart Superlative Postdoctoral Fellowships
CATEGORY Students Postdocs

Postdocs = Postdocs  for Research Abroad

TENURE 2 (-FY2009)
(vears) 2-3 3 3 (Fv20109) 3 2

Advancing
International
Collaborations

JSPS also focuses on international
scientific exchanges that advance cutting-
edge research in partnership with
overseas science-promotion agencies.

We have to date formed cooperative
relationships with 86 counterpart science-
promotion institutions in 44 countries
and two international organizations.

By way of these partnerships, JSPS offers
a wide array of programs to support
and advance international exchange and
collaboration.

Five Components of
International Programs

. Support for collaboration with North/South

—

American, European and Oceanian countries

[

. Support for collaboration with Asian and

African countries

v

. Support for university internationalization

>

International training for young researchers

W

. Fellowships for overseas researchers

J SPS ( se-..s«..u..o..s.,. )

2mlumallunaluvgimxalluni

suppon Support
Supporting efforts Al Aoy Selection
to mmmmuhu
J:panese universities’

Institution to Institution
Gmup ‘o Group Universities
(Joml research projects, Joint seminars)
Researchers| Imlwuiual to Individual Researchers|
(Fellowships, Researcher exchanges)

Japan Counterpart countries.

Supporting
University
Reform

Together with the Ministry of Education,
Culture, Sports, Science and Technology
(MEXT), JSPS supports university reform
through a variety of programs: Global COE
Program; Program for Enhancing
Systematic Education in Graduate Schools;
Program for Promoting University
Education Reform; Project for Establishing
Core Universities for Internationalization
(“Global 30”’); World Premier International
Research Center Initiative; Program for
Area Studies Based on Needs of Society;
Program for Promoting Social Science
Research Aimed at Solutions of Near-
Future Problems.
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Japan Science and Technology Agency (JST)

JST is a core funding agency to implement the Japanese Science and Technology Basic Plan under the Ministry of Education, Culture, Sports, Science and
Technology (MEXT). Our long term mission is to promote science and technology for the future in order to advance national welfare and prosperity.

JST’s Vision:
1. To promote innovation based

2. To support the development of an environment for all people who advance

and utilize science and technology.
3.To promote science and technology for sustainable development, and
contribute Japanese leadership in international collaborations.

on science and technology.

JST’s Activities:

Creation of advanced
technology

Promotes basic research to achieve
the strategic objectives set by the
government.

Promotion of technology

Links universities and corporations

Promotion of science
communication:
100.14 (8.7%)

B

Others:
73.44 (6.4%)

Total Expenditures

Researcher exchange in FY2009:
and research support: 1153.75
33.64 (2.9%)

Promotion of
dissemination of STI:
105.64 (9.2%)

Promotion of technology
transfer and innovation:
243.48 (21.1%)

Creation of advanced
Technology:
597.41 (51.8%)

2Unit: million USD/ 1USD = 100JPY

transfer and innovation to promote society reduction of
research results. Strategic International Cooperative Program (SICP)
Based upon intergovernmental talks and other agreements on cooperation in S&T fields, MEXT
Promotion of the dissemination Provides useful information to designates certain countries and field as especially important in order for Japan and its counterpart
of scientific and technological researchers and supports research countries to promote cooperation. On such designation, JST, with SICP, and its counterpart country
information activities. jointly make further advances in research exchanges from both countries. Specifically, JST supports
joint researches and research exchanges among research teams, dispatching and hosting
Promotion of science Promotes S&T related educational researchers and organizing symposia and seminars. (http://www.jst.go.jp/inter/english/index.html)
communication support and communication.
Integrated hub for information Science and Technology Research Partnership for Sustainable Development (SATREPS)
transmission and reception. JST supports international joint research cooperation between Japan and developing countries for
resolving global issues such as environment/energy, bioresources, natural disaster prevention, and
Researcher exchange and Supports international research infectious diseases control. Such research cooperation is conducted in collaboration with JICA, an
research support exchange activities. organization that implements ODA technical cooperation.
(http://www.jst.go.jp/global/english/index.html)
Strategic International Cooperative Program (SICP) lll. International Cooperation under the SICP Framework
Country/ " . Counterpart
l. Programs Region Field of Cooperation Organization
) Australia Marine Science DIISR
(1) Research Exchange Type (2) Joint Research Type
(since FY 2003) (since FY 2009) Brazil Biomass and Biotechnology CNPq
+ International research exchanges in - International joint researches in equal
equal partnership partnership (medium to large scale) China S&T for Environmental Conservation and NSFC
- Budget for Japanese side: 5-10 million - Budget for Japanese side: up to 100 Construction of a Society with Less
JPY (50,000 USD -100,000 USD) / million JPY (approx. 1million USD) / Environmental Burden MOST
project / year (for 3 years) project / year (for 3 — 5 years) N
- Ongoing 190 projects with 22 countries + Ongoing cooperation with Germany Climate Change
and regions (as of February 22, 2010) (Nanoelectronics) and France (ICT) China.Korea Materials Science (China) NIM
(Korea) KRISS
Il. Program Scheme Glgbal issues and important issues in Northeast (China) MOST
= Asian region (Korea) NRF
(,'::g;% Agreement cCour:terpart Croatia Materials Science MSES
ountry (gov.) Denmark Clinical Research DASTI
. . England (1) Bionanotechnology, (2) Structural Genomics BBSRC
Notice Notice and Proteomics, (3) Systems Biology
(Country & (Implementation
AGIElel ) Advanced Materials EPSRC
Cooperation)
EU Environment EC- DGR
Finland Functional Materials AF, TEKES
France Life Science (Marine Genome & Marine CNRS
JST Counterpart FA Biotechnology)
| | ICT including Computer Science
: (Joint Call, ANR
Support Joint Review, : Support .
PTOPOSE“TL Joint Interview etc,) : Proposal Germany Nanoelectronics DFG
India Multidisciplinary ICT DST
Researchers a0 N Exch Rorhen Israel Life Sciences MOST
esearch Exchange
(Japan) (2) Joint Research ((EemiEyEn: i) Korea Biosciences NRF
Mexico Life Sciences CONACYT
New Zealand Bioscience and Biotechnology FRST
Singapore Functional Applications in Physical Sciences A*STAR
South Africa Life Sciences NRF
Spain Materials Science MICINN
Sweden Multidisciplinary Bio VINNOVA
Switzerland Life Sciences ETHZ
Workshop with Tekes and AF, Finland Workshop with NSFC, China i i
(May 2009 @ Finland) (June 2009 @ Japan) Thailand Biotechnology NSTDA
USA S&T for a Secure and Safe Society NSF




Physics In Korea

Overview of the Korean Physical Society

€ Founded in 1952
% 12,378 members
% 11 divisions, 7 regional chapters, 17 committees
% Semiannual meetings

=April and October

sApproximately 1,000 papers each time
% 4 periodicals published
< Korean Physics Olympiad
=sCompetition for middle school & high school students
26,800 participants in 2009

Physics Research Institutions in Korea

Korea Research Institute of Standards and Science (KRISS)
< Established in 1975

< Mission of KRISS
=Establishment and Maintenance of National Measurement Standards
=R&D on Metrology
=Dissemination of NMS

< Next generation measurement standards
=Quantum current standards(SAW-induced electron pump) ~ <Mesa-gate pump>
— Objective: 1 nA, uncertainty of 10-8
sFrequency standards based on an optical lattice clock
— Objective: uncertainty below 10-17
=Noise thermometry
— Shot noise thermometry, Jonson noise thermometry
=Quantum-based force standards
— Objective: sub—pN
< Nano-quantum based extreme measurement technologies
=Generation and entanglement of single photon
W - Objective: 10 qubits quantum computing
=High-resolution spectroscopy with low—temperature detectors
— Objective: energy resolution of 1 eV@6 keV
=Nanoscale thermal energy transport and conversion

=Nanoelectromechanical systems for quantum detection
— Objective: GHz resonating for quantum detection

Saiiicy

thelkerean

=Monthly =Monthly =Monthly =Bi—monthly

=Research =News =Research "Research 1 .

journal magazine journal journal <Metallic magnetic calorimeter> e e <6- qubl'quan'um computer>
for non =English

=Korean specialists =English e
*orean =scl “published Pohang Light Source (PLS) PLS Beamlines

Pohang Light Source

< Construction Budget(1988~1994) -
.~US $200 mllllon Institute 45 " 10 5 n

% Operating Budget(2008) Gaera | e [ [

=Government $18.5 M+Endowment&other $5.2M
% User Statistics(2007)

National Fusion Research Institute (NFRI)

KSTAR(Korea Superconducting
Tokamak Advanced Research)

Korea Institute for Advanced Study (KIAS)
% Founded in 1996
< Mission
=Research in theoretical basic sciences
= Training young scientists
= Leading Korea' s basic sciences
% Activities
= Training research fellows through research activities
= Inviting visiting scholars and hosting international conferences and workshops

Korea Basic Science Institute (KBSI)

< Mission < State— of ihe Art Facilities at KBSI
= Perform R&D support and joint research
to promote basic science

< Alliance with Other Societies in Korea
= Federation of Basic Science Societies
® Federation of Physics—Related Societies
% International Cooperation
#Physical Society of Japan (1986)
=Japan Society of Applied Physics (1987)
=1 German Physical Society (1991)
= American Physical Society (1993)
u Australian Institute of Physics (1994)
= Chinese Physical Society (1995)
u|nstitute of Physics (1997)
= Association of American Physics Teachers(2001)
m|ndonesian Physical Society(2005)
= Myanmar Physical Society(2005)
mVietnamese Physical Society(2005)

Annual Budget
: $70 million

- 531 = 3| 5} Tel : +82-2-556-4737 FAX : +82-2-554-1643
K‘JS "'h_el(oareaﬁhvg!a::c%:! http://www.kps.or.kr/home/kor E-mail : office@kps.or.kr
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Indonesia as one of the G20 members has shown its commitment
on Science and Technology development, especially on the
Innovative Research towards the industrial application. To bridge
the gap. the Indonesian Government through the Ministry of
Research and Technology since 2008 has launched an annual
program of 100 Indonesian Innovators of the year. The government
has also a plan to form a National Innovation System (SIN). As for
the National Research Agenda, the priority programs are in

Agriculture, Energy, Information Technology, Transportation,
Defense, Health and Development of Advanced Materials.

The main duties of BATAN are to conducl research,
development and the beneficial applications of
nuclear science and technology in accordance with
the laws and regulations

Preliminary
RUT.RUTI,BC




FUNDAMENTAL AND APPLIED PHYSICS RESEARCHES IN VIETNAM: A LANDSCAPE OF THE
PROJECTS GRANTED BY STATE PROGRAMS FOR 2009-2011 PERIOD

*

vES

Nguyen Xuan Phuc

Vietnam Physical Society (VPS), NAFOSTED,
and Vietnam Academy of Science and Technology (VAST),
18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam, phucnx@ims.vast.ac.vn

I. Aim: Ptesentation of the curent physics research situation in Vietnam

7

Il. Natural Science Research Program in Vietham: a Brief History

- Proposal on a National Program in Fundamental research launched in 1991, proposed by Vietnam Academy of Science (now Vietham Academy of Science and

Technology).

- Since 1996 -2008: official State Programme on Basic Research in Natural Sciences, run by Ministry of Science and Technology (MOST).
- Sciences covered: Mathematics, Computer sciences, Physics, Chemistry, Earth science, Biology.
Budget: very little at the beginning and increased with time.

- Achievement:

+ Research in physics and other natural sciences survived through the hard time just after the collapse of Soviet Union, and increased a step.

+ Scientific capacity distribution has changed significantly:

- 2004-2005: Additional subprogram on 2 priority sciences: Nanotechnoloy and Molecular Biology

new research groups established in Universities.

\_

- Established based on PM decision No. 122/2003/ ND-CP, 22/10/ 2003.

- Inauguration: 2008
- Announcement on calling for research proposal: Dec. 2008
- Principal condition for a project PI:

+ Currently working in a research unit, if not must have a one to be

applied via, and managed by.

+ Scientific degree at least a PhD, and scientific achievement at least

a SCI paper during the last 5 years. New condition!!!
- Basic output requirement:

At least 1-2 SCI paper/project. New condition!!!
- Recruitment councils:

- Approved projects

for 2009-11:
Mathematics: 16
Information and

computer sciences: 18
Physics: 83 (30%)
Chemistry: 57
Earth sciences: 38
Life sciences: 60
Mechanics: 19

Founded based mainly on the recent reasearch achievement (SCI
papers) of scientists, and voted among the list of 50 best researchers.

New approach!!!

lll. National Foundation for Science and Technology Development of Vietham (NAFOSTED)

- Physics Council: 11 members

Chair: Prof. Nguyen Xuan Phuc

Aged: 45-60
Member’s background distribution:
+ Condensed Matter Physics (Exp.): 5
+ Condensed Matter Physics (Theoretical): 4
+ High Energy Physics (Theoretical): 1
+ Nuclear Physics (Theoretical): 1

-Statistics of proposals and granted projects:

+ No. of submitted proposals: 111

+ No. of considered projects:105

+ No. of approved projects: 83 (75% )

Rejected: 25% : much higher than before NAFOSTED
(5%)

- Budget:

+ Total budget proposed by the Council:
36,000,000,000 VND (2 mil. USD): Principle of
suggestion: 8 k§US/1 SCI paper (theoretical), + 20%
for experimental SCI paper and/or 70% for
experimental patent.

+ Total budget allocated by NAFOSTED: around 1.5
mil. USD).

- List of approved projects:

1. Simulation of molecular dynamics, Prof.Vo Van Hoang,TU HCMC

2. Quantum information theory,Assoc. Prof Nguyen Ba An,IP/VAST, Hanoi
3.Transport mechanism in multiferrolics,Assoc. Prof.Le Van Hong,,IMS/VAST,
Hanoi

4.Manganite nanocomposite,Assoc. Prof,Nguyen V.Khiem,HDU, Thanh Hoa

5. Lepton and baron particles.Prof..Hoang N. Long.IP/VAST Hanoi.

6..Intermetal. hard magnetic nanomaterials.Assoc. Prof Nguyen H.Dan.IMS/VAST
Hanoi

7.Mutilayer magnetic GMI : materials and devise.PhD.Le Anh Tuan .HUT, Hanoi
8.TM based Nanostructured Materials.Prof..Nguyen H. Luong.VNU Hanoi
9.Multiferroics for magnetic sensor.Prof..Nguyen Huu Duc.VNU Hanoi

10. Ferrite nanoparticles.Assoc. Prof.Nguyen P. Duong.HUT, Hanoi

11. Nano graphene: electron struclture.Prof..Nguyen Van Lien.IP/VAST, Hanoi
12. Amorphous magnetic materials by sonochem.Assoc. Prof.Nguyen H.Hai.VNU
Hanoi

13. ZnO, MgxZn1-xO films by (MOVCD).PhD.Nguyen Thanh Binh.IPVAST, Hanoi
14. Proton, alpha, ion scattering at low &medium energy.As. Prof.Dao
TKhoa.NTI,Hanoi

IV. Physics NAFOSTED grants for 2009-2011

15. Raman spectra of nanostr. perovskites.Assoc. Prof.Nguyen V. Minh. HUEHanoi
16.Temp and presure influence on X absorption.Prof..Vu Van Hung.HUE, Hanoi
17. Nanoliquids and application.Assoc. Prof.Hoang Nam NhatVNU Hanoi

18. 2D system of ZnO and lll-group nitride Prof..Doan N. Quang. IPIVAST, Hanoi
19. Multimorphosm of Si02-AI203.....Assoc. Prof.Pham K.Hung.HUT Hanoi

20. Higgs physics in unified model.Prof..Dang Van SoaHUE, Hanoi

21. CNT-enhan.thermal dissipation in devices.As... Prof.Phan N. Minh.IMS Hanoi
22. Electron correlation in advanced materials.As.. Prof.Tran Minh Tien.IP Hanoi
23, Energy band curving in 2D systems.Assoc. Prof.Nguyen H. Tung.HUT, Hanoi
24. Accelators researching of new nuclei.Assoc. Prof.Le H. Khiem.IP/VAST, Hanoi
25. Semicon films of ZnO doped with C and graphene.PhD.Do VNam.HUT, Hanoi
26. Phase transition in 2 component systems.Prof..Tran Huu Phat.NTI, Hanoi

27. Size dependence in some nano systems.Prof..Bach Thanh Cong.VNU, Hanoi
28, Optical properties of ZnO colloisals.PhD.Ngo Thu Huong.VNU, Hanoi

29. Si and Ge-based Quantum dots and wire.PhD.Nguyen Huu Lam.HUT, Hanoi
30. Inicio Principle in Low D systems.Assoc. Prof.Vu Ngoc Tuoc.HUT, Hanoi

31. Correlation accumul. In polaron densed system.Prof.Tran T.D. Bao.IP HCMC
32. Oscil. and emission from 1D electron system.As. Prof.Tran C.Phong.HUE Hue
33, Spin interaction in nano systems.Assoc. Prof.Nguyen Anh Tuan.HUT, Hanoi
34. Theoretical models in nano, bio systems.Prof.Nguyen Ai Viet.IPIVAST, Hanoi
35. Fluor.and Raman in nanotetrap. CdSe/CdS/Assoc. Prof N.X.Nghia. IMS Hanoi
36. Ferroelectric nano film on Si substrate.PhDPham Duc Thang.VNU Hanoi
37.Nuclear reactions by optical neutrons.Prof.Nguyen Van Do.IPIVAST, Hanoi
38.Polariz. labeling in molecular NalLi structure.PhDNguyen Huy Bang. Vinh Univ
39.1D functional materials based on ZnS, TiO2.As. Prof.Pham T Huy.HUT Hanoi
40.Analysis using superclean semicon detectors.As. Prof.Ngo Q.Huy.VNU HCMC
41.Correlation effects in layr structure. Assoc. Prof.Nguyen Q. Khanh VNU HCMC
42.Charge exchange reaction on accelarator.Prof. Tran Duc Thiep.IPIVAST, Hanoi
43.Nano composite based on collosal CdSe..As. Prof.Pham T.Nga.IMS, Hanoi
44.Nanostruc. of InP, ZnS, PbS metals and perovskit As. Prof.Le V.Vu.VNU Hanoi
45.Superfast optical reactions in 2D nano systems.Dr.Sc.Hoang N.Cam IP, Hanoi
46.Solar cell of new generation CIGS,Assoc. Prof.Pham Hong Quang.VNU Hanoi
47.Forced emission in Er-enhanced Opal 2D, 3D.As. Prof.Pham V.Hoi IMS, Hanoi
48.Nanocomp. for photoelectronics and photonics.Prof.Nguyen N.Dinh.VNU Hanoi
49.0ptical labeling for use in cancer D&T.Assoc. Prof.Tran H. Nhung.IP, Hanoi
50.Thermodyn. and temperature analysis .Prof.Nguyen Van Hung.VNU Hanoi

51.Low D semicon systems: theoretical research,Prof.Nguyen Q.Bau.VNU Hanoi
52. Au nanpoparticle for lasering of short pulse.PhD .Do Quang Hoa IP, Hanoi
53.Density functional of monomolecular magnet. PhD.Nguyen A.Tuan.VNU Hanoi
54.Up-conv. nanophosp. for biome. optical labeling.PhD. Nguyen Vu.IMS Hanoi
55.Electron properties of low D semosond..Assoc. Prof.Nguyen H. Quang.IP Hanoi
56.Hybrid device of metallic magnetic /semicon.As.Prof Phi H.Binh.IMS, Hanoi
57.Strong correlaton systems.Assoc. Prof.Hoang Anh Tuan.IPIVAST, Hanoi
58.Laser physics of all-solid systems.Prof..Nguyen Dai Hung.IP/VAST, Hanoi
59.Magneto-electrical prop.of nano perovkite.As.Prof.Dang Le Minh.VNU Hanoi
60. Yang-Mills theory for unified basic interactions.Prof.Nguyen V.Tho.HUT, Hanoi
61.Monitor. chem Dynam.by ultrafast pulse laser.As.Prof.Le V.Hoang.HUE HCMC
62.Magn. nanopart. for diagnosis & treatment.As.Prof.Tran H.Hai. IP HCMC
63.Chemical biosensors for virus detection.PhD.Mai Anh Tuan.HUT, Hanoi
64.Rich Si nanosilica for photonic device.PhD.Bui Huy.IMS/VAST, Hanoi

65.Solar cell based on oxide nanosemicond.As.Prof.Pham V.Nho.VNU Hanoi
66.SiC nanostructures.Prof.Dao Tran Cao.IMS/VAST, Hanoi

67.Ener. transfer of opt. centers nanosystems.As.Prof.Pham H.Duong.IMS Hanoi
68.Gas sensitivity of perovskite/cond.polymer.As. Prof.Nguyen N.Toan.IMS, Hanoi
69.Material modeling of SiO2 and(AI203)x(Si02)1-x.PhD.Le T.Vinh.Vinh Univ
70.Eneray storage and transfer in metallic oxides.PhD.Pham D.Long.IMS Hanoi
71.Negative index materials.PhD. Vu Dinh Lam.IMS/VAST, Hanoi

72.Dark matter and energy.PhD.Nguyen Quynh Lan.HUE, Hanoi

73.Q dynamics in BE condensate in semic. Wells.PhD.Cao H.Thien.IP HCMC
74,5002, AZB6 nanostructures PhD.Pham Van VinhHUE, Hanoi

75. TiO2 nanotubes by sono-micriwav- hydrolis.PhD.Truong Van Chuong.US, Hue
76.Surface interaction of polymer/CNTs.Assoc. Prof.Duong N. Huyen HUT Hanoi
77. Spectroscopy of RE cont. oxyfluoratates.Prof.Vu X.Quang.IMSIVAST, Hanoi
78.Tb3+ and Eu3+ Nanorods for biomed. Labeling.PhD.Tran T.Huong IMS, Hanoi
79.Conducting films by jet printing techniques.As. Prof.Dang M.Chien VNU HCMC
80.0rgan/inorgan hybrid for device used in biomed.As. Prof.Le Q.Minh.IMS, Hanoi
81.Heating in nanoparticle systems.Prof.Nguyen X. Phuc. IMS/VAST Hanoi
82.0ptical processes in [V, 1II-V. LI-VI2 substances.As. Prof.Nguyen Q. Liem
IMS Hanoi

83 Electronic device based on semicond. Wires.Assoc. Prof.Nguyen V. Hieu

HUT, Hanoi
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- Distribution of the granted projects:
Speciality distribution:
+ Condensed Matter Physics (Ex): 45 e
+ Theoretical Physics: 30
+ Laser and Spectroscopy:
+ Nuclear & Hi Energy Physics:

s [ e
. -2

Research Institute / University: 39/ 44
(before 1991: Univ. only < 10%),
+ Youngest Pl: 32,+ Oldest PI:72

+ Pls below 40: 22%

(Before NAFOSTED: only 5% )

\HoChiMinhg

(MOST) application-oriented grants:

MOST support, besides, a limit of so called ‘application oriented physics grants’.

- Goal: To master a few new future technology.

- Output requirement: attention paid less on quantity of SCI papers but more on application perspectives.

- For2009-2011: 7 projects on nanotechnology;

V. Discussion and conclusion remarks:
- Official state research program on physical sciences: 20 years, short time compared with developed countries.
- Physics research center map: increase in University, and sustainable in National research c¥block.
- Establishment and first activities of NAFOSTED: a big change to promote research quality following

international standard.

- Research potential fields: Condensed Matter (Materials Physics) and Theoretical Physics.
- Need more strategy (2010-2020) efforts to develop physics in Vietnam in general and research in particular.

N
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ACFA

Asian Committee for Future Accelerators

ACFA is officially established in the First Plenary ACFA meeting held in 1996 at POSTECH, Korea
ACFA covers Asia and Oseania

ACFA is composed by 14 countries/regions and 1 international organization (JINR, Russia)

Purpose
ACFA Members The primary purpose of ACFA shall be to regional in -based
sciences. In particular, ACFA seeks cooperative ways:
i ;i‘-p b T— = - 1. Australia “ #To facilitate efficient utilization of existing human and material resources.
b : J:I:‘R Ead e 2 B l d h - #To bring up accelerator scientists of the next generation.
. = 4. banglades #To encourage future accelerator projects in Asia and to make recommendations for them to
" 1 3. China - governments.
" 4. India — ;
il 5. Indonesia T Business
J.( 6. Japan L ACFA will carry out its busi ing to the ing guiding princi
s
7. Korea i-l ®ACFA is open to any active region in Asia which is willing to contribute to the advancement of
. accelerator-based science.
8' MalaySIa E @ACFA is not intended to displace or supersede any existing organization.
9. Pakistan ®ACFA will closely with ICFA ional Committee for Future A
10. Singapore — Activiti
. ctlivities
11. Taiwan -
. —
12. Thailand — ACFA can engage in the following activities:
Total popula!itllf of A(:FA- . - 13. Vietnam “ #regular meetings of the Plenary ACFA
member countries/regions = 3.42 billion 3 A & SCHE QS Vi |39 Btz hopsiand B T ized by ACFA,
(53.8% of the world population) 14. Philippines : or jointly with other organizations
#study groups for special issues, set up by ACFA, or jointly with other organizations

Particle Accelerators in Asia

BEPC I1 KEK-B J-PARC
China Japan "_Ia_pan

i
A e Ne
S HIRFL-CSR! s i
’ China s

m Spring8
Japan
"

L SESAME

- PAL
£ Jordan ﬂ Korea
INDUS IT
India PEFP
Korea
APACO01, IHEP, China VECC
. SSRF
India

China

by F TPS
-l - A Taiwan

SSLS ;
Singapor =

IUAC NSRC CSNS AS ;
India Thailand China Australia
Working Group

#Network Working Group

@ Electronic Publication Working Group
@ HPPA Group Working Group

#LC Physics/Detector Working Group

@ Advanced Accelerator Working Group
#Asia Linear Collider Steering Committee

Asian Accelerator Network

oto ish the Asian science
#to promote of ienti
#to i i prog
oto i i ing based on
*to t i and schools in Asia
4@ the Network is not limited to HEP programs,
but extends to accelerator science in general science The Porst Dithe riaticsl

using light sources or neutron sources, Funihe Adockermor Conil

Asia-Europe Physics Summit

www.kek. jp/ACFA/

APACO04, PAL, Korea

APACO07, RRCAT, India

Tsukuba, Ibaraki 305-0801, Japan, March 24 ~ 26, 2010



SCIENCE AND INNOVATION POLICY
IN FLANDERS | BELGIUM

Department of Economy,
Science and Innovation
www.ewi-vlaanderen.be

Combining Economy,
Science and Innovation
for a better society

The Department of Economy, Science and Innovation (EWI) of the
Flemish government is charged with the preparation, monitoring
and evaluation of policy concerning economy, science and
innovation in Flanders.

Furthermore, the Department coordinates the cooperation between
the different agents of the Flemish government regarding economic,
scientific and innovative domains.

Transforming Flanders to one of the most advanced and pros-
perous regions in Europe, is the most important strategic goal. In-
ternational cooperation is one of the corner stones of the science and
innovation policy that is designed to stimulate:

« excellent scientific research;
* an appealing and sustainable climate for investments;
* an open, creative, innovative and entrepreneurial society.

The science and innovation policy of Flanders is implemented by
agencies.

Agency for Innovation by
Science and Technology (IWT)
www.iwt.be

This agency supports innovation in Flanders by:

» Funding. Innovative projects of companies, research centres, or-
ganizations and individuals are financed through assignments set
by the Flemish government. In 2008, 297 million € were paid out to
Flemish innovative projects.

» Advice and services. All Flemish companies and research centres
are supported. They are helped during their applications and tech-
nological advice is provided during their innovative projects. IWT is
the national contact point for European funding programmes and
assists in transferring technologies throughout Europe via the
Enterprise Europe Network (EEN).

» Coordination and networking. Collaboration is stimulated by
bringing innovative companies and research centres in contact with
Flemish intermediate organizations that stimulate innovation. This
is done via the Flemish Innovation Network.

» Policy development. IWT supports the Flemish government in its
innovation policy. Among other things, the effectiveness of the
Flemish innovation initiatives are studied and evaluated.

Research Foundation
Flanders (FwoO)
www.fwo.be

Research Foundation — Flanders (FWO) finances basic research
which is aimed at moving forward the frontiers of knowledge in all
disciplines. Basic research is carried out in the Flemish universities
and in affiliated research institutes. Therefore FWO is Flanders’ main
instrument to support and stimulate fundamental research based on
scientific inter-university competition.

FWO supports:

« individual researchers and research teams by financing both talen-
ted recently graduated students to obtain a doctoral thesis (Ph.D.)
as well as Postdoctoral Fellows;

» young researchers at the start of their academic career;

» research by supplying personnel, equipment and consumables
for top priority research proposals.

National and international mobility of researchers is promoted by:

» establishing Scientific Research Networks to promote
coordination, national and international contacts at postdoctoral
level;

« attracting junior and senior Visiting Postdoctoral Fellowships to join
a FWO research project or network bringing in additional expertise;

» providing grants for active participation of researchers in
international congresses;

 providing grants for study and training periods abroad;

* bilateral agreements and participation in international corporate
projects;

« sabbatical leaves;

 providing grants for organising international congresses in
Belgium;

« mobility allowances for FWO-Postdoctoral Fellows.

FWO also participates in European research organisations like ESF,
EUROHORCSs, DUBBLE at ESRF, CECAM, EUPRO,... and awards
scientific prizes to distinguished researchers.

Hercules Foundation

-
www.herculesstichting.be i

EEmC U e

The Hercules Foundation was set up in 2007 by the Flemish go-
vernment as a structural funding instrument for investments in
(large) research infrastructure.

The Foundation is intended to support fundamental and basic
strategic research in Flanders.

Bilateral cooperation between Flanders and Asian countries

Universities in Flanders are obliged to spend 3% of the Special
Research Fund (BOF) for international cooperation. Most of the
universities have dedicated programs for collaboration with Asian

countries, in particular with China, India and Vietnam.

Besides this, FWO spends 1.5 million € per year dedicated for bila-
teral basic research projects. Vietnam and China have been selected
among the Asian countries as preferential partners since already for
a long time cooperation existed in previous government programmes.

With Vietnam the cooperation is organised through NAFOSTED (Na-
tional Foundation for Science and Technology Development) and at
present 5 bilateral projects are funded.

With China an active bilateral programme exists consisting of a
researcher exchange programme run by FWO and the Chinese Na-
tional Natural Science Foundation and a programme run by FWO
and the Chinese Ministry of Science and Technology with a focus on
agronomy, biotechnology and micro-electronics.




Deutsche Forschungsgemeinschaft (DFG)

The Deutsche Forschungsgemeinschaft (German Research Foundation) is
the central, self-governing research funding organisation that promotes
research at universities and other publicly financed research institutions
in Germany.

The DFG serves all branches of science and the The DFG promotes...

humanities by funding research projects and » international project cooperation

facilitating cooperation among researchers. » international mobility of scientists and researchers
» the internationalisation of German universities

The Deutsche Forschungsgemeinschaft (German

Research Foundation) encourages international The DFG is also represented as an institution in various

cooperation between scientists and academics scientific and science policy organisations and bodies

in all its programmes. at an international and a European level.

Contact Deutsche Forschungsgemeinschaft 7-5-56 Akasaka, Minato-ku japan@dfg.de
DFG Office Japan 107-0052 Tokyo, Japan www.dfg.de/japan
Dr. Iris Wieczorek (Director) Phone +81 (03) 3589-2508
Fax  +81 (03) 3589-2509
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Spanish National Research Council

The Agencia Estatal Consejo Superior de Investigaciones Cientificas (CSIC)
is the largest public multidisciplinary research organisation in Spain.
It has a staff of more than 12.000 employees, including 3000 scientists and
4000 pre and postdoctoral researchers, working in 130 Institutes and centres
distributed across Spain. Its annual budget is close to 900 M euros.

Physical Science and Technology Area

RESEARCH LINES IN PHYSICS
ics and Space Sciences
Physical Technologies
Mathematics
Particle Physics, Astroparticles and Nuclear Physics
Atomic and Molecular Physics
Optics
Complex Systems and Statistical Physics
Nanoscience and Nanotechnology
Integrated Micro and Nano Systems
Computing Sciences and Technologies

INSTITUTION
CAS)
ral Science Foundation of China (NSFC)
___________ orea Science and Engineering Foundation (KOSEF)
Japan Society for the Promotion of Science (JSPS)
National Science Council (NSC)
et d ience

and

The fundamental mission of the CSIC’s Physical Science and Technology Area is the advancement of
science by addressing new challenges, ranging from the basic approach provided by models and theories in

physics and mathematics, through to the experimental and technological perspective where it serves as a
complement to engineering.

( Relevant ongoing projects with New initiatives on
international dimension instrumentation and energy
-ESA missions: XMM, Planck,Herschel, COROT, -Cryogenic technology for space
Integral, Solar missions. -Hard radiation sensors for high multiplicity
-ESO observatories: ALMA,VLT -Optical fibers, microlenses, adaptive optics
-CERN: LHC (ATLAS & CMS); -Biomed photonics & neural imaging
-ILC, CDF -Social robotics
-FAIR, SPIRAL-2 -High efficiency photovoltaic pannels
-EELT, CTA, KM3NET -Fuel cells
-EGI .
© http://lwww.csic.es y,




EUROPEAN European 7th Framework
COMMISSION Research Area Programme

- 94~ §- <~F
FP/7*...

get connected!!

SEVENTH FRAMEWORK
PROGRAMME

www.ec.europa.eu/research/fp7

* EU's funding instrument for research




EUROPEAN European 7th Framework
COMMISSION Research Area Programme

Top Facilities for
top scientists

This scheme puts Europe’s research and
innovation ‘Capacities’ to optimal use. It covers,
for example, research infrastructures, regions of
knowledge issues, research for SMEs, science in
society aspects, and it backs up policy-making and
the ‘Cooperation’ programme.

‘Capacities’ in' FP7

www.ec.europa.eu/research/fp7

*EU’s funding instrument for research

CAPACITIES
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718 ﬁ#;.?i:%'ﬂﬁxﬁmﬁ Institute of High Energy Physics (IHEP)

Institute of High Energy Plysics

Chinese Academy of Sciences

The Institute of High Energy Physics (IHEP) is the biggest and comprehensive fundamental research center in China.
IHEP is staffed with 1131 people, including over 826 physicists and engineers. In addition, there are 413 graduate
students and post-doctors in IHEP. The current director is Prof. Chen Hesheng.

The major research fields of IHEP are particle physics, accelerator physics and technologies, radiation technologies and
application, including the following leading research areas:

Particle physics experiments: BESIII, neutrino experiments, experiments at LHC and B-factories...
Theoretical Physics: particle physics, medium and high energy nuclear physics, cosmology, field theory...
Particle astrophysics: cosmic ray, astrophysics experiments...

Accelerator physics and technology: high luminosity e*e- collider, high power proton accelerator, accelerator
applications...

Synchrotron radiation: technology and application;
Nuclear analytical technique and application;
Multiple Discipline Research;

Free electron laser;

Nuclear detector and fast electronics;

Computing and network application;

Radiation safety.

The main research facilities at IHEP are:

Beijing Electron Positron Collider (BEPCII)

Beijing Spectrometer (BESIII)

Beijing Synchrotron Radiation Facility (BSRF)

Yangbajing International Cosmic Ray Observatory in Tibet
Daya Bay Reactor Neutrino Experiment

China Spallation Neutron Source (CSNS) (under construction)

IHEP has extensive cooperation with many national laboratories and participates in many important particle physics
experiments in the world.

s

Daya Bay Reactor Yangbajing International Cosmic Ray CSNS
Neutrino Experiment Observatory in Tibet

http://www.ihep.ac.cn  Telephone: +86 10 88233093, Fax: +86 10 88233374
Mail address: P.O Box 918, 19 Yuquanlu Road, Beijing 100049, P. R. China



Optics in the Institute of Physics, Chinese Academy of Sciences
— from Terawatts to Single Photons

The Institute of Physics, Chinese Academy of Sciences, was established in 1950 through the merging of two older institutes dating back to
1928. Now also known as the Beijing National Laboratory for Condensed Matter Physics, with more than 200 research staff and 600 graduate
students, it conducts basic and applied research on condensed matter, optics, atomic and molecular physics, plasma physics, and
theoretical physics, with cross-disciplines related to materials, information, energy and life science. International collaboration, involving 400
visits/events annually, is a vital facet of the institute.

Research in the Key Laboratory of Optical Physics embraces novel optical materials, laser physics, photonic crystals, nonlinear optics,
strong field physics, ultrafast processes, quantum optics, and applications to biological systems. Facilities include pulsed ns, ps and fs
lasers, with powers up to terawatts, tunable cw lasers, and so forth, with wavelengths ranging from x-ray to THz. Light detection instruments
include uv, ir, and visible spectrometers, boxcars, single-photon detectors, broadband oscilloscopes, and other electronic equipment.

Intense Laser-Matter Interactions

*High energy density physics
*Generation of fast electrons and ions with solid targets
+Laser wakefield electron acceleration

*Novel laser-based radiation sources (THz, X-rays, X-ray lasers)

*Propagation of fs laser pulses in air

+Laboratory astrophysics

+Future energy science

XL-lIl is a high power
Ti:sapphire laser system
based on chirped pulse
amplification, capable of
delivering  30fs  pulses
with an energy of 22J (=
peak power 700TW)

Target Chamber

ﬁ:;m;;iéﬂ:gg_;’ﬂ:"g@a""y [Ehvecchiogiticnd Byl @aptv phVacer) Ultrahigh Intensity fs Laser System Xtreme-Light (XL-IIl )
Monolithic Frequency Comb CEP Controlled fs Laser and Attosecond Science
A compact frequency comb based on difference frequency generation and our The output pulse from an fs Ti:sapphire laser can be compressed to sub-5fs with
free fiber new design can run with long-term superstability and precision. It an energy of about 0.5mJ, repetition rate 1kHz, and CEP locked within a fluctuation
can be used for coherent control of atom and molecule dynamics, frequency of <53mrad.
easurement of fundamental constants, etc. Coherent ultrafast X-rays of sub-10nm wavelengths can be generated for research

on attsecond science and ultrafast X-ray spectroscopy.

L

“Allan Deviation - Instability

Driving high order harmonics Coherent X-rays with (upper) and without (lower) CEP locking
CEO fluctuations after locking
g Dawning-4000 : :
Supercomputer Facilities ;"7 {31 nodes), Memary: 17065 International Collaboration
KLAP -1D, 2D, 3D PIC codes * field and Country Institution Subject
collision ionization efc. UK Rutherford Appleton Laboratory, CCLRC Ultrashort intense laser interaction with matters

Laser beam transport code

Hydrodynamic code: Medusa Dipartimento di Fisica "G.Occhialini", Universita

e Ital g Generation and transport of fast electrons
Radiation transport: NIMP y di Milano Bicocca P
Ray t!‘aCIng codes Advanced Photon Research Center, JAERI, China-Japan-Korea trilateral collaboration on
Atomic data packages Japan, Korea | Japan ultrashort intense laser development and
Fokker-Planck code Kwangju Institute of Science and Technology applications
Japan Institute of Laser Engineering, Osaka University | | aboratory astrophysics by intense laser pulses.

Also available: Shenteng 6800: 1200CPU
Computation Center, CAS

8 international conferences, workshops and summer schools have been
organized during the past 6 years

Quantum Optics

«Intensity correlation “ghost” imaging and interference with thermal light International Collaboration:
*Generation and applications of entangled light Previous collaboration with France, Russia, and USA
*Generation and applications of single photons
*Quantum cryptography
High-visibility high-order lensless ghost imaging with thermal light * Second-order Talbot effect with entangled photon pairs *
Xi-Hao Chen, Ivan N. Agafonov, Kai-Hong Luo, Qian Liu, Rui Xian, Maria V. Chekhova, and Kai-Hong Luo, Jianming Wen, Xi-Hao Chen, Qian Liu, Min Xiao, and Ling-An Wu, Phys. Rev. A 80, 043820 (2009)

Ling-An Wu (to appear in Optics Letters)
High-visibility N-th-order ghost imaging with thermal light has been realized by
only recording the intensities in two optical paths in a lensless setup. The
visibility is dramatically enhanced as the order N increases

The second-order Talbot effect for a periodic object illuminated by entangled photon pairs may be
observed, without any focusing lens. Self-images of the object that may or may not be magnified can
be observed nonlocally in the photon coincidences but not in the singles count rate. In the quantum
lithography setup the second-order Talbot length is half that of the classical first-order case, thus the
Reconstructed 2nd, 10th and resolution may be improved by a factor of 2.

\ri & J‘ 20th order ghost images
il (b) and (c): Projection images
LY obtained by CCD1 alone,
- L]

averaged over 20,000 frames, for

"
- . - (b) z; =20 mm, (c) z; = 70mm
- . . (d)2™ order (N=2,n=1)
- ’ (e) 10th order (N =10,n =9)
- (f) 20" order (N = 20, n = 19),
" " "

140,000 frames

Talbot carpet in quantum imaging

D, fixed, D; scanned

+Visibiilty improves as N increases
+Only 2 detectors required

Talbot carpet in quantum lithography
Russian student Ivan
working in our lab D; or D; fixed in the transverse direction

D and D; scanned synchronously along the z direction

* Collaborative project with Russia, * p
supported by a Joint Grant from s %%liljbﬁr;:ve project with Arkansas

NNSFC and RFBR
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The Peking University School of Physics has its origins of the “Lixue Ke" (science) at the Imperial University of Peking. In 1913, the *WuLi Men” (physics division) was established,
and this was later renamed the Depariment of Physics in 1919. With the reorganization of the Chinese system of higher education in 1952, the new Physics Department of Peking
University, created from the merger of the physics departments of Peking University, Tsinghua University and Yenching University, became the premier center for physics in China.
The School of Physics was established in 2001, and includes not only the traditional fields of study in physics, but also related physical sciences. Today, the School of Physics in-
cludes Physics, Astronomy, and Atmaspheric & Oceanic Sciences and consists of eleven divisions and six research institutes, including the State Key Laboratory for Artificial Micro-
structure and Mesoscopic Physics and the State Key Laboratory of Nuclear Physics and Technology.

It has been nearly 100 years since Peking University established its Department of Physics. The Department’s founding in 1913 was not only an anncuncement of the importance that
Peking University placed on the physical sciences, but also a milestone in the development of modern science in China. One hundred years an, the School has made distinguished
contributions to the nation and to the world in both education and academics. As it embarks on its second century, the Peking University School of Physics extends a warm welcome
to distinguished scholars and outstanding young students from China and abroad who wish to join its ranks

Institute of Theoretical Physics

Institute of Condensed Matter and Material Physics
Institute of Modern Optics

Institute of Heavy lon Physics

Institute of Plasma Physics and Fusion
Department of Technological Physics

Department of Astronomy

Department of Atmospheric and Oceanic Sciences
Teaching Center for General Physics

Teaching Center of Basic Physics Experimentation
Electron Microscopy Laboratory

State Key Laboratory for Artificial Microstructure and Mesoscopic Physics
State Key Laboratory of Nuclear Physics and Technology

Beijing Key Laboratory of Medical Physics and Engineering

Center for High Energy Physics

International Center for Quantum Materials

Kavli Institute for Astronomy and Astrophysics

acul

Today, the School of Physics has about 200 faculty and staff, including 15 Academicians of Chinese Academy of Sciences, 4 “Qianren” Scholars, 10 “Cheung Kong" Scholars and
12 National Distinguished Young Scholars. There are 3 innovative research groups sponsored by the National Matural Science Foundation of China (NSFC): QCD & Hadron Phys-
ics, Femtosecond Optical Physics & Mesoscopic Optics, and Biological Networks.

The School of Physics grants Bachelor of Science, Master of Science, and Doctor of Philosophy degrees. Around 200 undergraduate students and 200 graduate students are ad-
mitted each year by the School of Physics (100 for PhD degrees and 100 for Master degrees). Most undergraduate students pursue advanced studies after finishing their Bachelor
degrees, and about one-third of them go to leading international universities for their advanced study.

The School of Physics has a tradition of teaching excellence in both graduate and undergraduate courses. Faculty members have received one grand, four first-class, and five sec-
ond-class National Teaching Awards, and more than 30 teaching awards at provincial and ministerial levels. Scholars in the School of Physics have published more than one hun-
dred textbooks and monographs since 1981

Research in the School of Physics is devoted not only to the frontiers of fundamental physics but also to the innovation of advanced technolegy. The School plays a leading role in
planning and executing regional, national, and international scientific research programs. Major research fields include: high energy physics. astrophysics and cosmology, radioac-
tive nuclear physics, high energy-density physics, key technology for advanced light sources and particle beams, interaction of particle beams with materials, mesoscopic semicon-
ductor light emission and laser physics, ultra-fast physics, optical properties of artificial microstructures and mesoscopic devices, electro-magnetic properties of mesoscopic func-
tional systems, mesoscopic theory and material computation, high-temperature superconductivity physics and devices, nano-material and devices, near-field optics, guantum mate-
rials and quantum manipulation, soft condensed matter physics, biophysics. medical physics and imaging, atmospheric physics and the environment, meteorology and climate
change, and many others. Scholars in the School were awarded three National Prizes and two National Science & Technology Progress Awards in the past five years. During this
period, the School has more than 300 on-going and completed research projects, including five national basic research programs (873" projects), seven national high technology
research and development programs (863" projects) and more than 20 key projects of the NSFC. Research funding in the School has progressively increased in recent years.

International Cooperation

The School is involved in a wide range of international activities. A number of faculty members serve as committee members in many international scientific organizations and as
editors for international leading journals. Peking University participates in many international collaborations, in particular the world's largest high-energy physics project, LHC-CMS,
as well as a number of other projects, such as RIKEN and KEK in Japan, GSI and DESY in Germany, and JLab and ANL in the United States. The School of Physics aorganizes vari-
ous international conferences and international summer schools and seminars.

Facility and Equipment

There has been rapid improvement in the facilities and equipment for scientific research in recent years, with a total expenditure of more than 200 million RMB. This has resulted in
a number of flagship instruments, including a seven-femtosecond CE-phase-stabilized laser amplifier system, a molecular beam epitaxy system, a metal-organic chemical vapor de-
position system, a focused ion beam workstation, and four electrostatic ion accelerators.

f@ School of Physics. Peking University
SXYT hitociwww. phy. phu.edu.cn/




Physics Department in
Tsinghua University
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Full Prof. 49; Associate Prof. 24; Assistant Prof. 12.
Of them 10 members of Chinese Academy of Sciences
33 Supporting Staffs

*Physics Department Established in 1926 by Professor Qi-sun Ye (Ch’i-
Sun Yeh, M4&F)), soon earned a reputation as the best Physics
Departments in China;

eFirst 10 years: Among 71 graduates, 21 Members of CAS, 1 Member
of NAS and 1 Member of NAE.




Ken-ichi Watabe
National Institute of Advanced Industrial Science and Technology (AIST), Japan

verview RAIST's International Partnership

The National Institute of Advanced Industrial AIST has agreements for research cooperation
Science and Technology (AIST) is one of the with major organizations in 40 countries, and
largest public research institutions in Japan in works to form together a MNetwork of
the field of science and technology. 2,500 Excellence. Also, international joint researches
researchers are working for cutting-edge R&D are being promoted by researchers exchange,
in wide areas of industrial technology. In good human resources development, joint projects,
cooperation with companies and universities, and so on.

AlST creates new industries, and initiates R&D
projects collaborating with companies. The
supreme goal of our efforts is to establish a
sustainable society.

For a sustainable society

J Ervviranmant | Energy

AIST's Targets and Research Areas
For better For higher

Targets: intellectual infrastructure  industrial competence
{A) To create new industries from innovative
research seeds, and to stimulate industrial
competence and innovation

(B) To establish intellectual infrastructure to
support the whole industry

(C) To establish a sustainable society

Research Areas:

(1) “Life Science & Technology” toward a
society for health and long life

(2) "Information Technology & Electronics” for
secure, safe and comfortable life

(3) "Environment & Energy” to solve pressing
global problems in these areas

(4) “Nanotechnology, Materials &
Manufacturing” to create manufacturing
technology for sustainable development

(5) "Geological Survey and Applied
Geoscience” to intellectual infrastructure for
efficient use of lands

(6) “Metrology and Measurement Technology”
to promote industrial infrastructure

AIST covers almost all the engineering areas.

http:/www.aist.go.jp L AIST e



International Activities of National Institute for Materials Science

Masahiro TAKEMURA Kazunari KOIKE
National Institute for Mareials Science (NIMS)

What is NIMS? Six Major Research Areas

Research Projects
National Institute for Research N

National Research Institute

gy-Driven A Materials Research :
for Metals in Inorganic Materials 3
(since 1956) (since 1966) e andch,\:{;f,'i*-;,sf':love, \ .
nanomaterials p
! (/f 3. Mta_terita:shforl ) \\7777// "' t_lV:ah::ialls for
information technology/ iotechnology
Independent Administrative Institution — - }
National Institute for Materials Science
L Since April 2001 R . S
- /5 Materials f?r l\ \ ,/‘ 6. Materials for \
Budget :~$200 million \ Cendenony /) sty and aabity
Personnel : ~420 tenured researchers - e { - e
~300 post-docs & students E M: Research for Social Needs  :
L ~400 overseas researchers & students

‘ Exploratory Research ‘ ‘ Infrastructural Development‘

WPI International Center for Innovative Center of Nanomaterials Science

for Environment and Ener ICNSEE

MEXT Program for Develop. Environ. Tech. utilizing Nanotech. (200 M Yen for FY2009)

Output topics

To develop novel materials and create epoch-making innovations by converging 5 key 3
of i ics by intentionally controlling the arrangement of |nd|v|dua| /

itecton Output topics N\
nanostructures and extracting ultimate functions.

omputational Scien S \

Photovoltaics

= . Rechargeable
m o ! ~Clariy the mechanisfn Dynamic analysis of atoms | Batteries
. — ’m of photo-electron and electron migration and «High capacity
4 conversion : : 2 -Safe 8
Nano-Bio Nano-Green oy -Higherperformance | ~(01 diffusion Gt
“Biochips “Fuel / Solar cells and new materials YT I T i
-DDS +Photocatalyst / Biomass | i ooy Collaboratlon and fusionof |
N~ e ——— computation and experiments
CONVERGENCE Photocatalysis | t0 understand and controlthe / [Fueicens
i «Extension of \phenqmenaatinterfaces | 1 ‘:;g;er:mc“,
ilabl =
Nano-System  Nano-Material " * fongth of ght = sold
i tof /| Advanced Characterizatior and electrodes
- Atomic Switches «Nanotube /Nanosheet el s o p A “Longerlifetime
* Quantum information /Nanobrain  =Super molecules.”Nano particle Sialon Phosphors Quantum efficiency Intsitu observation of surfaces and |
terfaces: operation environment,

| Nanoarchitectonics | CONVERGENCE solid/liquid interfaces
Ftd- Mo oraica \Concentration of human resources: Dream Team  /
S-Il—organlmlo Vatorals Novel Modeling & —
Control Manipulation ' Designing

World Materials Research Institute Forum (WMRIF)

(Five key technologies)

International Center for Nanotechnology Network

Deputy Director-General
L__ Steering Committee =

Coordination Office

Nanofabrication

mm Nanotechnology Innovation Center
Toyo University

Director-General

EL T

«1st: 2005, Tsukuba, Japan
2nd: 2007, Berlin, Germany
3rd: 2009, Washington D.C., USA
4th; 2011, Shenyang, China

Nano-characterization and Analysis

High Voltage Electron
Microscope Station

- Dual-ion beam Interfaced

*44 Material research institutes from
21 countries of 5 continents

*President : Teruo Kishi, NIMS (America) ORNL, LLNL, NIST, AMES, EWI, BNL,

INMETRO

- 2-D Nano-Patterning Foundry
-3-D Nano-Integration Foundry
- Bio-Organic Materials Facility

High-voltage electron
microscope
- High- resolution high-voltage

*Communication and Cooperation
for common issues of national institutes

(Europe & Africa) BAM, KIT, HZB, MPI-MF, NPL,
VTT, CNRS-NEEL, LNE, RAS-GISC, RAS-NIIC,
CSIC-ICMAB, CSIC-ICMM, EMPA, KFKI,

electron microscope “Working groups INMAT, SP, MINTEK, U. of Sheffield,
At iscriminati
L . - - Research resource mappin (Asia) NIMS,AIST, CAS-IOP, CAS-IMR, CAS-SIC,
Extreme Condition Facilities electron microscope - Material sclanceouﬂoo‘l)(p g (FJIRSM, CISRI, KAIST, KIMS, KIST, IMRE,
= Beam Line Station -Global database JINCASR, IGCAR, NEERI, BARC, ITRI, MIRDC,
e High Magnetic Field Station g ials for i gy MTEC, VAST
-Synchrotron - Ma'anals reliability
- NMR Facilities ' Radiation Beam Line - Materials simulation

International Center for Young Scientists MOU for Bilateral Collaboration

[R P ‘ [ compr Collaboration | [ Joint Graduate School
Program for postdoctoral S
S hore i 2003 A79 29 18 )
researchers since 3 @Europe: 65 @MPI-MF, FZK (Germany) @Charles Univ. , U. Pardubice
ORussia:6 @UCSB, NIST, UCLA, NCSU, (Czech)

OUSA: 24, Canada: 4

©Korea: 24, China: 23,
India: 11, Thailand: 2,
Vietnam:2, Taiwan:5

: 6,New Zealand: 1

NU (USA)
@Univ. Cambridge (UK)
@ETHZEMPA (Swiss)
@CNRS, Ecole de Mines
Paris (France)
@KAIST, KIMS, KICET , .
KIST, KRISS, KRIc’r(Korea) =
@IOP, IMR, NU (Chir
@NCTU,AS (Taiwdn).#
@NEERIIT-BHY (India)

@Sydney, Queensland,

New S. Wales, Melbourne,

W. Australia (Australia)
® Warsaw Univ. Tech , (Poland)
@Anfia-Univ,, JNCASR (India)
@Stony:B. Univ., Univ.

Washington (USA)

@XJU, NIMFE; Nanjing U(China)
@ Budapest UTE(Hungary)
@ Yonsei Univ. (Korea)

86 Researchers are working now.

.Aus(ral

@ IINT ® Moscow;State Univ. (Russia)
@NSTDA(Thailand) S =N
s

loscqw:State Univ. (Russia)
i Romelfal

Rolls-Royce ’j
Leica h
Saint-Gobain

http://www.nims.go.jp/eng ¢
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RRIKEN

Established in 1917 and headed by Nobel laureate Noyori Ryoji, RIKEN is Japan's
premier research institute devoted to basic and applied reserch.

With its 13 reserch centers, seven additional reserch facilities, and 350 labs, RIKEN is
globally recognized as the leading research institution in Japan.

The Japanese government has put RIKEN in charge of the development and operation of a
number of its strategic projects, among them the SPring-8 synchrotron, one of the largest in
the world, the Next-Generation Supercomputer, expected to be the world’s most advanced
computer when it is completed, and the X-ray Free Electron Laser (XFEL) facility now under
construction and scheduled to begin shared use in 2011.

In biological and medical research, RIKEN scientists are working in fields ranging from
bio-resource management, allergies, and immunology to genomic medicine and basic
research in structural and developmental biology. RIKEN research teams are also
exploring the frontiers of brain science, plant science, chemical biology, emergent materials,
and extreme photonics. Our mission in every field is producing cutting-edge research and
maximizing its benefits to society.

JAPAN

Sendai Facility

& Wako Institute

*Advanced Science Institute

Brain Science Institute

“Nishina Center for Accelerator-Based Science
+Computational Science Research Program

Wako, Satama

Tsukuba Institute

& +BioResource Center

Harima Institute / SPring-8 r

*RIKEN SPring-8 Center

/ Yokohama Institute
Plant Science Center
- Center for Genomic Medicine
Research Center for Allergy and Immunology
~ Omics Science Center
+Systems and Structural Biology Center
+Bioinformatics And Systems Engineering division
Nagoya Facility - Center of Rescarch Network for Infectious Diseases

Kobe Institute
+Center for Developmental Biology
Center for Molecular Imaging Science

RIKEN Facility Office at RAL (U.K.)

RIKEN Singapore Representative Office (Singapore) RIKEN MIT Center for Neural Circuit Genetics (U.S.A.)




Research Activities in
Physucs Department of University of Malaya

Swee-Ping Chia
Depart, University of Malaya
mpur, Malaysia

APPLIED MATERIALS Polymer Ni-MH Cell
Abdul Kariem Hj Mohd Arof - “

i) - _;--5;
SOLID STATE PH‘/SICS. s ER A Facility for EDFAW
. e Test _ar?d Meastirement
Muhamad Rasat Mdllattiad . - | N e
= - P Dense-Plasma Focus

PHOTONICS ™.
Harith Ahmad .

PLASMA & PULéE[S'TEEH[}IOLOGY

RESEARCH
Wong Chiow San

4]
APPLIED OPTICS| LASER PHYSICS

& OPTOELECTRQNICS
Kwek Kuan Hiang /

SPACE PHYSICS

Mohd Zambri Zain"'ddink_.f Holographic interferogram

MATERIALS SCIENCE & e LS
POLYMER PHYSICS

Zurina Osman ||
APPLIED RADIATION | N
Rosli Hj Mahat

ELEMENTARY PARTICLE PHYSICS
Wan Ahmad Tajuddin Wan Abdullah

COMPUTATIONAL PHYSICS & '

MICROPROCESSOR ZEUS team
1. (¢] d /e8!
Wan Ahmad Tajuddin Wan Abdullah i e,}iﬂcontente ¢

72/
CENTER FOR THEORETICAL &
COMPUTATIONAL PHYSICS
Chia Swee Ping N S A ._ Lol =
THEORETICAL PHYSICS e -.’-_'- da =

Hasan Abu Kassim

Polymer Electrolytes

One of the pa/'fICIpaflng institution of the ZEUS
Collaboration at the Hadron-Electron Ring
Accelerator (HERA) facility in Germany
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Ghent University

Faculties

e 11 faculties
e 133 departments

Faculty of Arts and Philosophy
Faculty of Law

Faculty of Sciences . o
Faculty of Medicine and Health Sciences Internationalisation
Faculty of Engineering

Faculty of Economics and Business Administration

www.international.ugent.be

Faculty of Veterinary Medicine - ECTS label
q q 2 international masters (http://www.opleidingen.
FaCUIty Of PSyChO|Ogy and Educatlonal SC|enceS ugent.be/studiekiezer/nl/brochure/int_masters.pdf)
Faculty of Bioscience Engineering :
] 3 Education
Faculty of Pharmaceutical Sciences U
g . . g Irelon earnin rogramme
Faculty of Political and Social Sciences - B i
. Alfa

Atlantis-EU-Canada-Australia-New Zealand
. Erasmus Mundus Action 1 (EMMC)
J Erasmus Mundus Action 2 (formerly EMECW):

UGent is coordinator of 2 programmes:
- With China (since 2009): LISUM
- With Western Balkan (since 2007): BASILEUS

J Edulink
Students
Other
74 interuniversity bilateral agreements with Asia:
33 000 - Chi_na: 29
’ - India: 10
3,000 foreign students 0o
= aiwan: 7
- Vietnam: 6
International educational cooperation projects (Flemish Community)
* Bachelor . Networks: e.g. Santander Group
. CHINA PLATFORM (www.ugent.be/china):
O MaSter central point of contact within Ghent University for all matters relating to
® Ph D China, creating a synergy between the academic, political and economic
world in order to establish a common China strategy
L] POStdOC - Initiatives: different scholarship programmes
- Cofunding for 7 CSC PhD students
DOCtoral Schools - Tuition fee voucher for all PhD students

= Reimbursement of APS screening costs for all Chinese students
. INDIA PLATFORM (http://www.india-platform.org/)

Arts, Humanities and Law

Research
1 1 1 . 6 ERC grants (excellent researchers funded by European Commission)
SOCIal and BehaVIOUI‘aI SCIenceS 9 Methusalem & 6 Odysseus | grant holders (excellent researchers funded
Natural Sciences by Flemish Government)
3 A ;- 9 4 ks 2 5 . FP6 and FP7 project coérdinator in the fields of nanotechnology, ICT,
immunology, biotechnology and aquaculture
(Bioscience) Engineering Ghent University Association
. . c. . Member of international organizations: IMHE, UKRO, U4,...
Life Sciences and Medicine :

Selected for CHE Excellence ranking in fields of Biology & Psychology
In top-100 of research-intensive universities (Leiden world ranking)

Ghent University

University College Ghent

Artevelde University College
University College of West Flanders

P W

UNIVERSITEIT
GENT

Development Cooperation
Possibilities for several cooperation programs: www.vliruos.be

www.UGent.be



IPPS (SWEDEN) PHYSICS SUPPORT TO VAST (VIETNAM): AN EXAMPLE OF FRUITFUL COLLABORATION )
BETWEEN A DEVELOPED EUROPIAN COUNTRY AND A DEVELOPING ASIAN COUNTRY /IE aseps

*

Nguyen Xuan Phuc and Le Van Hong

Vietnam Academy of Science and Technology (VAST),
18 Hoang Quoc Viet, Cau Giay, Hanoi, Vietnam, phucnx@ims.vast.ac.vn

Mar. 24 , 26, 2010

I. Problem: How to conduct fruitfully a collaboration between a developed and a developing country in experimental physics?

Il. Colaborating institutions: IPPS and VAST

A side :. IPPS as a project donor:

International Programme in the Physical Sciences (IPPS)
Supported research areas

The IPPS focuses its activities on providing assistance to create
viable and independent research teams of an international
standard. In the countries with which IPPS has co-operation,
physics is very weak and in a stage of capacity building. Therefore,
most of the Research groups supported by the IPPS are located at
university departments. This means that in the project support
given, the IPPS also assists the departments in creating or
strengthening their MSc and/or PhD programmes. IPPS also has
attached groups, which means groups not receiving regular
support but who can apply for grants for minor expences of urgent
needs.

All research to be supported are proposed by the groups in the
respective countries and should be in line with the plans of the
department/institution/faculty/university.

B side: VAST as a project acceptor:

the key directions of the State.

general and of science & technology in particular.
Physics are done in the following institutes of VAST:
- Institute of Physics

- Institute of Materials Science (IMS)

- Institute of Geophysics

- Institute of Space Technology

- HCMC Institute of Physics

- Institute of Applied Materials Science

- Institute of Applied Physics and Scientific Instruments

Vietnam Academy of Science and Technology (VAST) is the scientific institution under the direct management of the
Government with the function to conduct the research and implementation of the natural sciences and technology in

The missions of VAST are to organize and implement the natural science and technology research activities according

to the key directions fixed by the State, to create and implement the advanced technologies. The objectives of which
are to better serve the country's policy in science and technology development for the most benefit of the society in

- Nha Trang Institute of Technology Research and Application

lll. Role of a long term research project: a skeleton of the collaboration

Rare Earth Metal

2+1/2 phase = 10 year from 1991-2001

-Total project budget: 1,1 USD, (including training sandwich PhD)

-Budget source: SAREC/Sida (Sweden),

-Swedish budget manager: IPPS

-Swedish physics laboratory: Angstrom Laboratory of Uppsala Umvers:ty

-Vietnam budget manager: Viet: y of Scii and Tech

-Vietnam physics laboratory: Magnetic Matenals Laboratory of Instltute of Materials Science, (IMS of VAST)

-Project title:
-Project length:

IV. Recipient Labo: Status (then and now) of (IMS) Laboratory of Magnetic

Materials Physics :
a) Facility: (installed in) and beneficial for:

1. Arc melting (1996): 3 PhD& 5 MSc thesis, 5 SCI papers, 2. Ball milling (2001): 2 PhD& 3 MSc thesis, 4 SCI papers, 3.

HiT (16000C) furnace (2000): 2 PhD& 3 MSc thesis, 5 SCI papers, 4.Sputtering (2001):1 PhD& 3 MSc thesis, 3 SCI
papers, 5.Vibrating Sample Magnetometer (VSM) (1991): 7 PhD& 10 MSc thesis, 15 SCI papers, 6.Closed Cycle
Refregirator (1994): 4 PhD& 8 MSc thesis, 12 SCI papers, 7. Hi Field Pulsed Magnetometer (1998): 2 PhD& 5 MSc
thesis, 4 SCI papers, 8.Rapid quenching* (2001), 9- PPMS*(2006) , 10. XRD* (1993), 11. FE-SEM* (2005)- 12. Pulsed
Laser Abelation (2004)- *) Non-IPPS
b) Education:
- Sandwich PhD theses: 3 (Vu Van Hong, Dao Nguyen Hoai Nam and Le Viet Bau)
- Other theses completed with benifit of project research facilities:
+8 PhD and 20 MSc.
c) Publication:
+ Swedish-Vietnamese co-author: 20 SCI papers,
+ Other papers with benifit of project equipment: 30 SCI papers.
d) Significant research results:
Research fields of the Laboratory: Physics and materials aspects of various magnetic materials such as:
Magnetoresistive ceramics, Spintronic materials, Bulk amorphous materials, and Magnetic nanoparticle.
Especially regarding magnetoresistive materials, collaboration resulted in the following physical phenomena:
+ Glassy Magnetism of Manganites and Cobaltites
+ Temperature Memory Effects of Electrical Resistance in La0.7Sr0.3Mn0.925Ti0.07503
+ Selective Dilution for Detection of Interactions in La0.7Sr0.3MnO3 and La0.7Ca0.3Mn0O3
+ No Double Exchange Between Co and Mn
+ Room temperature Magnetocaloric Effect in La0.7Sr0.3Mn1-xMx0O3 (M=Al or Ti)

e) Publication:

1.D.N.H.Nam et al.. J. Mag. Mag.., Mat. 177-181(1998) 1135-1136.

2.D.N.H.Nam et al., Phys. Rev. B, Vol.59, No 6, (1999) 4189-4194.
3. D.N.H.Nam et al Phys. Rev. B, Vol. 62 (2000) 1027-1032.

4.D.N.H.Nam et al. Phys.Rev.B, Vol. 62 (2000) 8989-8995.

5. R.Mathieu et al. Phys. Rev. B, Vol. 63 (2001) 1744051-1744056.

6.D.N.H.Nam et al. J. Mag. Mag. Mat226-230 (2001) 1335-1337.

7.D.N.H.Nam et al. J. Mag. Mag. Mat., 226-230 (2001) 1340-1342.

8. M. Tseggai et al. Journal of Solid State Chemistry 178 (2005) 1203-1211,

9.L.V. Bau et al. J. Mag. Mag. Mat (2005).

10. D.N.H.Nam et al. Phys. Rev. B 73, 184430 (2006).

11. N.V.Dai et al. Phys. Rev. B, (2008) accepted 03/2008,,Code: LM11637BJ.

12. D.N.H. Nam et al. J. Applied Physics, 103 (2008) 043905.
13. DNH Nam, et al. Phys. Rev. B, Accepted May 17, 2008.
14. DNH Nam et al. Phys. Rev. B, code LN 115138

15.LV. Bau et al. J. Mag. Mag. Mat., .... (2010)

VSM
1991

Arch
melting
1996

FE-SEM 2005

V. Discussion and conclusion remarks:
- How to choose in capacity building:
Equipment but what?
Machine for sample fabrication + 1 (research interested) physical property characterization.

Better choice: not commercially ready made, but composing of component equipments of advanced electronics.

Expert education but when?
Sandwich education of PhD
The student must master the support research equipment, as a part of the his/her thesis content.

- Knowledge required for the recipient to master:
First phase: A side to B side: 'Tellme what is it, | will tell you why it is so"
Next phase: A side to B side: 'Tell what is it, we'll see why',

\ Collaboration to continue: what here and where else: B side (VAST) contributions also to South-South collaborations

Scientific Workshop in Bangladedh

e

Training Workshop in Laos

Intemationsl Conference

Mm-mmuumnmnmmwm Spensered iy BF

WIET ALD

\

)

4 N
Acknowledgement: Prof. Nguyen Van Hieu and Prof. Dang Vu Minh (VAST) and Prof. Lennart Hasselgren (IPPS) for their contributions to the collaboration
Reference:
1. ISP Report, International Programme in the Physical Sciences, Project Catalogue 2002, Uppsala University, Tabergstryken AB, 2004.
2. ISP Report, Annual Report for International Science Programme, Universitetstryckeret, Uppsala 2009
\ 3. Vietnam Academy of Science and Technology, Annual Report 2008, Hanoi-March 2009.6 y
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INFN — ASIA: a consolidated relationship

e

INFN =
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« Structure of light halo exotic nuclei and of unbound nuclei (INFN-PI/th)
Nuclear Structure
* Many-body nuclear structure theory and interdisciplinary applications
(atomic physics) (INFN-MI/th)
* Neutron-rich nuclei with RIB and shell time-evolution
(INFN-MI, NA, PD, LNL/ex)
Nuclear Matter
* Nuclear physics for compact stellar objects (neutron stars) (INFN-MI/th)

Nuclear Astrophysics

Nuclear Dynamics
[using fragment beams at BigRIPS

Nuclear structure with y—decay, ]

+ Indirect measurement of reaction of astrophysical interest
(Trojan horse method) (INFN-CT/ex)
H.1. Physics
« participation of Japanese researchers in the NA60 and ALICE
experiments
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Woman in physics and Education



C/ 'amiﬁﬁﬁjf,i % Efforts of the Chinese Physical Society to
Promote Women in Physics in China

Asia-Europe Physics Summit ) i i .
Tsukuba, Japan, March 24 ~ 26, 2010 Chinese Physical Society, Beijing, China

Funding in China is increasing year by year so prospects for physicists are bright, though not so much so for women. The ratio of women physicists in
China is less than 25%, dropping at senior levels due to the “leaky pipeline” effect and the forced retirement of female professionals below the rank of associate
professor at age 55 compared to 60 for men.. Paradoxically, the number of female graduate students has increased in recent years, but this is due to the new
trend of employment discrimination against women as the country evolves towards a market economy.

Since the formation of the Chinese Physical Society’s Working Group on Women in Physics in 2002, much effort has been made to reverse this trend and
to promote the image of women physicists. Statistical data are collected; a special session is held on gender issues at the Society’s annual meeting; each March
issue of Physics magazine has articles devoted to women in physics; the Xie Xi-De Physics Prize for Women was established and first awarded in 2007; special
prizes for girls are awarded at provincial Physics Olympiads. However, much still remains to be done.

Increasing job discrimination leads to Increase in ratio of female graduate students, Enforced early retirement leads to high ratio of retired/current female professors
as they seek higher qualifications ) )
Faculty in Physics Dept of Tsinghua University, 2008 Retired Faculty in Physics Dept of Tsinghua Universty, 2008
o
in Fudan Uni ity, i Graduate Students in Institute of Physics, 0
Chinese Academy of Sciences 0
Physics Graduate Enrollment ( MS ) H g5
Irssitute 0° Physics S-zduate Sudants £ 5
. H "
[ = | PR s e
" ——ratio % ° 20
0
A Professor  Assoc Prof Senior Engineer Lecturer 0
r;h”, ({ "r : nginesr Py APl SolorEagiur Evgnor Lsrr
N o : e Although the current faculty has the usual “scissors” gender distribution, amongst the retirees there

S b G A W LS SR B T

is a disproportionately high ratio of senior ranked women.
This indicates that they had to retire earlier with a lower rank than their male colleagues, or that they
live longer, or both!

Year war

Number of senior research staff in the Institute of Physics, Ratio of Women Awarded NNSF of China Grants in Physics, Ranked by Age
Chinese Academy of Sciences, 1995-2004 Age distribution of women awarded regular NNSF grants in physics, Ratio of Women Awarded Major NNSFC Grants Ranked by Age
averaged over every two years from 2002 to 2007. =
LN .5 oo | o e | W | ram | Wo | rom | Mo | ren | o | ron | e | rom | o | rom
- = Female Ful 8 2 Yy e T T T T T T e T e e T T T T
5 ~—<_ +ya\feFull Elﬂ —#— 2004-2005 wws | @ [ o | w [ o [ = [ o [w | 2w o o]+ [v]o
i P 0| 410 S T WA ] e e e
=
. hesos Prof o A T ) S R T T
. — —+—Male Assoc e | @ | 2 | w | o [ w0 [ o |2 |0 ]
. — Prot 2630 3135 3640 4145 4650 51.55 56.60 61.65 6670 >70 wrn |« o« o e oo To e lo s o1
R Age range Tl Tl T Lo T o e e T T T
el Note the 2 dips in the age distribution, where i i
The ratio of senior female physicists is slowly d . 1) Women in their mid-forties are too burdened with family cares? Women awarded major grants are still very few
ElrstioloySenioniemaieiphy Baiye 9 2) More women over 60 are retired.

Actions of the Working Group

+ Xie Xi-De Physics Prize for Women established,
awarded in 2007, 2009

+ Special March issue of Physics magazine each
year on WiP

+ Special girl’s prize in provincial Physics Olympiads
+ Round table meeting to discuss women issues at
annual CPS meetings

+ 2005 World Year of Physics — reaching out

+ Networking at home and abroad

Future Tasks

* Increase awareness of problem at all levels

* Increase popularization of physics

+ Implement equity, not just equality
+ Grant application requirements relaxed for childbirth
+ Equal retirement age for men and women
+ Equal employment standards enforced

Xie XiDe Pize awarded in 2007 | 2005 Word Year & Phycics Posters commemoraing
International Cooperation —
i a First ting of IUPAP Working Gi
« Attendance at international conferences V\Ilr:mr::(ien";%\;sms‘ 2000 &a‘s’lﬂngz:p -

Mexico, 2009 International Physics Olympiad

+ Foreign visitors invited to attend domestic round-table meetings highest score won by a girl for the first time

Chinese delegation at IUPAP International
Conf. on Women in Physics, Paris 2002

First International Workshop on Asian Women in
Physics organized by AAPPS Working Group on
Women in Physics, Pohang 2005

— Peter Melville of Inst of Physics, UK,
Visiting professor speaks at 2007.9 speaks at 2006 CPS Round table meeting

CPS Round table meeting

SHI Handuo of China won highest overall
score, highest experimental score
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WU Ling-An gives talk at IUPAP International |
Conf. on Women in Physics, Rio de Janeiro 2005




Women in Physics in India

Shobhana Narasimhan

shobhana@ijncasr.ac.in

Jawaharlal Nehru Centre for Advanced Scientific Research, Bangalore 560064, India

. Everywhere in the world, women in physics are a minority. India is no exception. But the nature of
the problem varies from country to country...

. In India, roughly 1/3 of science students are women, right up to the PhD level:
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Though not much rigorous data is
available, anecdotal evidence
suggests that the stereotype that
women cannot do physics is NOT
as widely prevalent in India as it is
in some “developed” countries.

But after doing their PhD’s, most of these women “disappear”! e.g., consider the data on

the physics faculty at some elite institutions in India:
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So unlike the “leaky pipeline”
observed elsewhere, in India the
main problem is after the PhD

This represents a huge loss of highly
trained (wo)manpower!

The problem: societal expectations
that women should function primarily
as wives & mothers.

Most prestigious science prize (Bhatnagar) has never been awarded to a woman in physics!
Few (or no) women in high-profile positions, selection committees, etc.

What are Governmental Institutions & Academies doing to help?

> Department of Science & Technology, Government of India:

. Has a division: Science for Equity, Empowerment & Development

. Created “women scientists’ scheme”: 3 year research grant, specifically for women who have
had a break in career and want to return to science (hundreds of fellowships awarded).

. Established “Task Force on Women in Science” which held meetings all over India,
evaluated situation and made long list of recommendations recently.

. Minister of S&T (P. Chavan) invited women scientists to meet him and talk to him.

. Ministers for S&T have made various announcements to help ameliorate the situation
(flexitime, funds for creche & daycare, planned establishment of Standing Committee, etc.)
. Institutions encouraged to have programmes dealing with gender equity.

> Indian National Science Academy & Indian Academy of Sciences:

. Committees to discuss issues related to women’s participation in science

. “Lilavati’s Daughters”: book of autobiographical essays by 97 women scientists.
. Surveys commissioned to gather more data, including information about why women have
left science.

One continuing problem in search of a solution (any ideas?!) :

How can we convince men that this is not a “women’s issue” and get them involved in the
movement to increase the participation of women in physics in India ??!!



Activities of the Physical Society of Japan (JPS)
for the Promotion of Gender Equality

JPS Gender Equality Promotion Committee

Y. Matsuo, Chair of JPS-GEP (RIKEN)
N. Arimitsu (Yokohama Ntnl. U.) T. Kagayama (Osaka U.) K. Kaki (Shizuoka U.) R. Kadono (KEK) M. Kuwata-Gonokami (U.Tokyo) M. Sasao (Tohoku U.)
Y. Torii (U.Tokyo) M. Nakashima (Shinshu U.) M. Ninomiya (Okayama IQP) F. Matsushima (Toyama U.) I. Yonenaga, Vice-chair (IMR, Tohoku U.)

f \ Activities of the JPS for the Gender Equality Promotion

The Physical Society of Japan (JPS) is an organization of over 18,000 physicists,
researchers as well as educators, and engineers.

Symposia in the JPS Annual Meetings

Collaborating with the Other Associations in Science and Engineering
The primary purposes of the JPS are to publish research reports of its members
and to provide its members with facilities relating to physics.

International Collaboration

The JPS was founded in 1877 as the first society in natural science in Japan. Girls Science Camp

The JPS has concluded reciprocal agreements with seven physical societies Surveys of JPS members

such as the American Physical Society, German Physical Society and Korean
Physical Society so that the members of one society can participate in the
Qctivities of the other on an equal partner basis. (http://wwwsoc.nii.ac.jp/jps/)

A N

Gender Equality Promotion Commiittee of the Physical Society of Japan (JPS) has
been established after the IUPAP International Conference on Women in Physics
held at Paris in 2002 to realize the resolution of the conference. The committee
aims at 2. Participating the Round Table Discussion on Women in Physics, in the Summit of
Asia Pacific Physics Society, January 2005, Taiwan. Presentation S. Tajima.

Public Relations of the JPS Gender Equality Promotion Committee

Childcare Supports during the JPS meeting

International Collaboration

1. Chairing the Round Table Discussion on Women in Physics, in Asia Pacific Physics
Conference, October, 2004.Chair H. Fukuyama, Presentation E. Torikai

(1) Discussing the significance of gender equality promotion and taking actions L . . . . .
for the achievement, 3. Participating the Round Table Discussion on Women in Physics, [IUPUP, April
? 2007,Bad Honef, Germany. Presentation A. Maeda.

(2) Developing the next generation human resources in science including female

scientists, 4. Giving 2 invited talks in APPC10, August, Pohang. Invited Presentations

M. Bando and E. Torikai

(3) Surveys and improvement of the environment for men and women in science. 5. Participating the 3rd International Conference on Women in Physics in Physics,

The committee also takes part in a number of international collaboration activities IUPAP, October 2008, Seoul, Korea. Presentation S. Tajima, A. Maeda, E. Hiyama.

&uch as IUPAP International Conference on Women in Physics. / 6. Participating the Round Table Discussion on Women in Physics, IUPUP, July 2009,
Berlin, Germany. Presentation S. Tajima.

The number and the percentage of women in JPS
during the last 20 years

. Girls Science Camp 1
Number and Percentage of Women in JPS The women ratio in the graduate To attract girls into science and engineering, the JPS has been co-
students of JPS members ’
200 50 S |wmmTotal organizing the Girls Science Summer Camp, held in August 2005, 2006,
0000 yoo® 50 5 | Numer A — 2007, 2008, and 2009 in collaboration with the National Women
H = 3 o [ . e
5 15000 0 s o0 Education Center in Saitama and the EPMEWSE
£ 20 g |MEmber of 2 o (the Japan Inter-Society Liaison Association
Z 1000 20 E * oot 005 2000 2001 2008 Committee for Promoting Equal Participation of
5000 0§ e Men and Women in Science and Engineering ).
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Symposia in the JPS Annual Meetings

The JPS organized symposia on subjects relating to promote the gender equality in the JPS
annual meetings, since 2002.

1. “Women in Physics: Survey Results of JPS Members and Report on the Paris Conference”,

2002. Girls Science Camp 2
2. “Promotion of the Gender Equality: Balancing Childcare and Physics “, 2003. To attract girls into science and engineering, the JPS has been co-
3. “Evaluation of Researchers”, 2004. This was organized by the Survey Analysis Committee. organizing the Girls Science Spring Camp, held in
4. “Promotion of the Gender Equality: on the Occasion of the revision of the Basic Plan for March 2007, 2008, and 2009 in Kansai area in

Science and Engineering”, 2005.

5. “Governmental Supports for Career Development of Women Scientists and Engineers”, 2006

6. “Gender Equal Participation in Research and Development — Present Status and Future
Prospect of the Governmental Supporting Policy to Support Career Development of Women
Researchers”, 2007

7. “Gender Equal Participation in Research and Development — Booming Governmental
Supporting Policy to Support Career Development of Women Researchers and Future
Prospect”, 2009

8. “Positive Action — Governmental Supporting Policy to Accelerate Career Development of
Women Researchers and Future Prospect”, 2010

collaboration with the EPMEWSE.

Recommendations

Based on the JPS member survey results, the JPS has
advanced two recommendations to the governmental
authorities, academic related institutes and organizations;
one for the flexible childcare supports and the other for
improvement of the research granting systems for the
post-doctoral fellows and part-time researchers in May
and August 2003 respectively. -

Public Relations

Future Prospect of the JPS Gender Equality
Promotion Committee

The goal of the committee would be seeing the society where such a committee
is not necessary.

There is still a long way to go, in particular, in the field of science in Japan.

Recently, the governmental supporting policy to support career development of

Publications women researchers started to move on, including a sort of positive actions.

Publishing seven “News from the JPS
Gender Equality Promotion Committee” =)
in the JPS membership journal .@"“.
BUTSURI since 2007.

The committee will continuously work on this issue from the viewpoint of what
this large academic society (where the ratio of the male members is 95%) can
contribute to overcome the current status.



m:’y'le‘up.m Society of Applied Physics

Activities by the Japan Society of Applied
Physics for the Promotion of
Equal Participation of Men and Women

The Commiittee for Diversity Promotion in Science and Technology in the Japan Society of Applied Physics

Yukari TANIKAWA (AIST), Kazue ISHIKAWA (Sophia Univ.), Madoka TAKAI (Univ. of Tokyo), Kikue SHIMOKAWA (JETO),

Hanako IIJIMA (JSAP), Kayoko ITO (JSAP), Jun NAKAMURA (Univ. of Electro-Communications), Kashiko KODATE (Japan Women's Univ.)

The Committee for Diversity Promotion in Science and Technology

academic society in 1946.

The Japan Society of Applied Physics (JSAP) serves as an academic interface
between science and engineering and an interactive platform for academia and
the industry. JSAP is a "conduit" for the transfer of fundamental concepts to the
industry for development and technological applications.

To this end, the JSAP holds annual conferences; publishes scientific journals;
actively sponsors events, symposia, and festivals related to science education;
and compiles information related to state-of-the-art technology for the public.
The activities as the society started in July 1932, when the monthly journal “OYO
BUTSURI” (Applied Physics) was published. JSAP was established as an official

JSAP has about 25,000 members, 45% of them belonging to private companies.
JSAP offers the following grades of memberships :
Student member, Member, Fellow, Emeritus member, and Honorary member.

The Committee for Diversity
Promotion in Science and
Technology in the Japan Society
of Applied Physics ( JSAP ) will
aim to promote gender equality
and human resources
development. Our committee has
worked on the activities related to
the promotion of gender equality,
both intra-/inter- academic
societies and in society as a whole,
and development of human
resources since 2001.

Gender equality Human resources development

for encouraging and supporting

for the
students and young scientists

EPMEWSE

for the
APSG

for the future of Japan
science and technology

for diversity
promotion

Future science & technology

EPMEWSE
(Japan Inter-Society Liaison
Association Committee for
Promoting Equal Participation
of Men and Women in Science
and Engineering)
Field: Mathematics, Electronics &
Information, Physics, Chemical
& Material Eng., Life science &
Biology, Civil Eng., Others

Members : 37 Academic Societies

Observer : 29 Academic Societies

Results of Questionnaire Survey in EPMEWSE (2007)
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For diversely promotion

Symposia

Activities abroad

"Science and technology human resources development for the coming 20
years" (Mar. 19, 2010, Tokai Univ.).

The total number of the symposia was 7 since 2001, and the average number
of the participants was approximately 120 persons per the symposium.

Childcare facilities

Establishment of childcare facilities at biannual JSAP
conferences since 2005.

The total number of the children who received

a day-care at the facility was111 until today.

Presentation and discussion at "The 3rd International Union of Pure and
Applied Physics (IUPAP) Conference on 'Women in Physics' (ICWIP)", which
was held in Seoul, Oct. 7-10, 2008.

The Activities of the committee

scientists

Career-explorer mark
The logo illustrated for pre- and post-docs has circulated in
the JSAP community as a "career-explorer mark".
"Logo offers physicists a system for hire education" :Nature
448, 739 (2007).

& *An employment bureau for job offers and applications has
been established toward the closure of job-scarcity
problems for post-docs.

Consultation meeting

"A tutorial for young scientists by the JSAP -for drawing a
career-design by themselves-",(Mar. 17, 2010, Tokai Univ.).t
The total number of the symposia was 7 since 2001, and
the average number of the participants was approximately
120 persons per the symposium.

For encouraging and supporting students and young

The activity of the
APSG

APSG : Applied Physics
Social Service
Group

Informal meeting

" Why don't you use your
experience and talents for
the society ?" (Mar. 29, 2008,
Nihon Univ.).

"Let's utilize your scientific
experience and skill of
applied physics for the Social
contribution"

(Sep. 4, 2008, Chubu Univ.).

The educational road-map

| The Committee for Diversity

Promotion in Science and
Technology in the Japan Society
of Applied Physics

Educational road-map in line
with the JSAP vision for the

scientists of tomorrow

"The educational road-map in line with the JSAP
vision for the scientists of tomorrow", which is one
of 'the academic road-maps' was planned and
constructed. This aims to draw a way to the bright
future for the scientists and engineers where they
can lead the field of science and technology on a
global level.

Education

homepage:

Engineers

Teachers/pr

Contact information

E-mail: gender@jsap.or.jp
<gender@jsap.or.jp>

http://www.jsap.or.jp/activities/
gender/index.html




RIKEN's Programs for Young Researchers

Welcome to RIKEN

Noyori Ryoji
2001 Nobel Laureate in Chemistry
President, RIKEN

Why do we pursue science?
Because we have an instinctive desire to understand our natural environment.
Knowledge — including scientific knowledge — is fundamental to culture, and

technology enriches society.
RIKEN offers the best research environment in the world. Come join us in

cutting-edge research, pushing forward the frontiers of science and technology.

Together we can do great things.

Advances you can be part of -wontyouJ

For Doctoral Candidates

If you are a doctoral candidate, your research may qualify you for
an International Program Associate (IPA) position at RIKEN. We are
looking for research that advances work now underway at RIKEN
and for non-Japanese researchers to help us create a borderless,
interdisciplinary research environment. IPAs carry out their
research under the joint supervision of their graduate school and
RIKEN.

IPAs are expected to bring fresh thinking to research in physics,
chemistry, biology, medicine, or engineering and to take full
advantage of the RIKEN research environment through

For Postdoctoral Researchers

If you have completed your doctorate, consider joining the
researchers who are making RIKEN a stimulating interdisciplinary
research environment that knows no borders. Candidates for
the Foreign Postdoctoral Researcher Program (FPR) are
internationally active scientists who can contribute their own
thinking to the research underway at RIKEN.

FPRs apply their innovative ideas, under the direction of their
laboratory head, to research currently being carried out at
RIKEN. RIKEN will assist in the selection of a mentor and provide
guidance on laboratory and administrative procedures.

inus?

For Leaders in Their Fields

Is your goal to become a world-class researcher? RIKEN’s
Initiative Research Unit (IRU) program could be the opportunity
you seek. The IRU provides funding opportunities for promising
young scientists who, as unit leaders, will contribute to advances
in RIKEN-designated research fields in an environment that
develops world-class researchers. IRU unit leaders will
independently draw up and carry out a detailed research
proposal, making full use of the RIKEN research environment,
including applying for funding, establishing collaborative
relationships, and using shared equipment and facilities.

collaboration and use of shared equipment and facility.

Diversity at RIKEN

\

Curiosity knows no borders

By attracting the most talented scientists from Japan and abroad,
RIKEN activity promotes a research environment that fosters the
very best of international research. Diversity among personnel is a
vital factor contributing to RIKENS’s success and RIKEN has set
ambitious targets for increasing the number of international

RIKEN is growing not only in numbers, but also in scope. RIKEN actively supports
young researchers, collaboration with overseas organizations, and the exchange
of personnel with overseas universities and institutions. The map below, with the
number of joint projects and programs in parentheses, shows the countries
engaged in such collaborations and agreements between RIKEN and research

scientists. organizations and universities aroung the world.
Europe 194
China 114 .
Asia 94 e .
Korea 54 .. i
North America 37 -
Oceania 11
Central & South America 5 .
Africa 2

International Researchers by Countries and Regions
(including visiting researchers, as of October 2008)

The number of joint projects and programs in parentheses
(as of March 2009)

N
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SASEBO NATIONAL COLL TECHNOLOGY

Sasebo Nat’l College Tech.: H. Kawasaki, Y. Suda, K. Morishita, K. Nakashi, T. Shigematsu, T. Yamasaki, M. Inoue

Introduction

Sasebo National College of Technology (SNCT) and Xiamen University of Technology (XUT) cooperatively launched a mutual student exchange program in 2005. One of the
aims of this program is to educate and train young Japanese engineers who can apply their knowledge and skills fully to work in factories in China. The other aim is to
educate and train young Chinese engineers who will acquire not only technological knowledge and skills but also an understanding of the organizational structure and
cultural background of Japanese companies. In order to achieve these aims, three main activities have been planned as follows.(1)Exchange program between SNCT and
XUT. (2)SNCT faculty visiting Chinese University and Japanese factories operating in China. (3).Holding international forums and students’ reporting sessions

Exchange program between SNCT and XUT Questionnaires about student exchange program

2005, 4 XUT students and 2 faculty visited SNCT for three weeks. 2005: 4 SNCT students and 3 faculty visited XUT = =
2006, 6 XUT students and 2 faculty visited SNCT for three weeks. 2006-8: 6 SNCT students and 3 faculty visited XUT

2007-9, 6 XUT students and 3 faculty visited SNCT for three - Good = —
weeks. " . = =
Staying in the SNCT dormitory each year, XUT students and Interested in Chin =
faculty joined classes, visited factories, laboratories and Hotel accommodatior = -
historical sights in northern Kyushu, Japan. 5 @

Staying in XUT guest houses for three weeks each
year, SNCT students also attended classes and visited 0 2 4 6
cultural and historical sights in Xiamen City. They also
had opportunities to learn Chinese traditional arts, Verygood @ O O 0O B Verybad
such as calligraphy, the tea ceremony and tai-chi.
Though they had these experiences for the first time, Questionnaires about fourth graders’ factory tour in 2007
SNCT students really enjoyed these activities and
were impressed by how splendid they were. Although
the SNCT students and faculty just had an introductory

seminar at that time, these experiences surely helped About this
them to deepen their understanding of Chinese culture. program
Is this good
experience?
The fourth grade students of SNCT performed the "
factory tour of Shanghai and Xiamen in 2007. Interested
P . . . in China
SNCT faculty held special training seminars for XUT They also visited to Xiamen University of 3 Very ool I T R S

students to become familiar with advanced technology using Technology. (First time overseas factory tour)
highly sensitive experimental instruments. They also did
internship program in Tuji Co. for 3 days, in 2007.

6 SNCT students had their internship at Xiamen FDK Co. in
2006 ~ 2008 for four days. Though this internship term was
short, 6 SNCT students reported that they learned a lot
about factories in China.

Future Plan

=High evaluation of graduates as
actical engineers
ow evaluation of graduates’ use of

&Working cooperatively with
factories to create new products
=Demanding environmentally

i i English
fi I duct
iﬂg?:S)égcgrie::ﬁzi:\ggggznuc S &New trial to introduce a course system
various fields in which students can pursue their
interests further
International forum [Huis Ten Bosch in Sasebol [Sasebo National College of Tech.]
Theme park in which people can High evaluation of starting student-

exchange program with Xiamen Univ.
Because the number of students who can join this program Questionnaires about our program Iearn about energy and ecology gepreg

was limited, off-campus international forums and in-school
reporting sessions were planned.

The combination of high level of technology, idea and manufacture

= the innovation to promote international manufacture and service value
= graduates who can play major parts as leaders in overseas factories

The first , second and fourth Sasebo-China international R =

forum was held in Sasebo, Japan, in 2005, 2006 and 2008.

The third international forum was held in Xiamen, China in
November, 2007. T Very Effective @ Very Effective
. . . B Effe i 1
One of the guest speakers at that time is Mr. Mitsutake, B Lt trtive et e Using English as a major communication tool ;
the ex-Mayor of Sasebo, Japan. Around 250 people B Not Effective B Not Effective Mutual N
i i i = utual exchange, .
attended this forum and discussed how we could improve (1) Effect for Fostering = WEB, Skype, e-mail = Nagasaki
this program in the following years - " (2)Effect for a mutual : :
is prog i wing y . tical - : L Next
young practical engineer Providin
J friendship between Japan 9 y - . G :
in Japan X concrete Intl communication lab., International eneration
and China themes as Engineers’' Nets Theme
" . . Park in Huis
Final evaluation on this program taskls I ““ Cooperative project on environment ““ Ten Bosch,
v(v?:d?v:iﬁe ' and energy by engineering students Sasebo,
The final evaluation on this program was carried out on battery, : working on the same task overseas Japan
Feb. 9, 2009. The evaluation committee consisted of a total hydrogen, - (presentatio
of eight persons (3 SNCT teachers, 1 external technical - The use of the most advanced equipment + s hibiti
After the forum, we obtain the information by means of college teacher, 4 external knowledge persons.) The Intemshipin foreign countries exnivtion)
questionnaireé about our program. results of four year trial were as follows. Generally =
speaking, this program was highly evaluated. b tation at conf
. . . . resentation at conterence
(1) Effect for Fostering young practical engineer in Japan (1)Acceptance enterprise 4.8/5.0 1 ‘ —
<019 } Evaluating the program == Evaluating students’ performance
i i i 2)Di h i 4.9/5. (Maximal
(2) Effect for a mutual friendship between Japan and China (2)Dispatch enterprise 9/5.0 oot 5.0) Gertification of International Engineer Course
B 3)Intership activit 4.9/5.0 ’ .
All results of these questionnaire survey suggest that ©) P Y
thla %rggram |st h(ljghl%/ admired for educating Japanese (4)Forth grader’s factory tour 4.5/5.0 The approved students are
an inese students.

#the ones who can play active roles as leaders in overseas factories
#the ones who can develop products and its service value worldwide
#the ones who can work cooperatively with other engineers internationally

Conclusions
It is expected that each participant makes the most of available opportunities which this program will supply them with, so that he or she can deepen and broaden understanding of each country. It
is also expected that the participants’ experiences are widely reported to society so as to influence those who don’t have any chance to join this student exchange program personally. By continuing
this student exchange program taking hands in hands with colleges and Universities in China, SNCT will make every effort to help young future engineers to learn about Chinese and Japanese
working environments and culture respectively, and to build friendships over the ocean.




Collaboration between enterprises and research physicist - A
measure to boost in physics research in Viethamf.c.c and b.c.c

The First Asia - Europe Physics Summit, Tsukuba, March 24 -26, 2010

Nguyen Thanh Hai
Department of Theoretical Physics, Institute of Engineering Physics, Hanoi University of Technology,hai@mail.hut.edu.vn
And
Vietnam Youth Academy, Viet Nam Central Youth Union

1
Introduction

Enterprises linking model with scientific research in universities or research institute have developed strongly in many countries. This problem has
also been much interested in Vietnam in the last few years and obviously it is much beneficial for both scientists and business. In Vietnam, an annual
state budget allocates to the scientific research in all fields at universities and research institutes, many research has been very successful and as
result published in several well-known international journals. Many research results can continue develop or apply in the fields of technology,
production at enterprises. However many obstacles also occur by many reasons, such as: shortage of funding to continue research, no appropriate
mechanism for technology transfer, or simply no exchange of information between businesses and scientists. Recently, the collaboration between
business and universities in research has been started to deploy in some university such as Hanoi University of Technology, University of
Technology although it often concentrated only in the sectors of information technology, biotechnology, ...

In physics, currently the companies have not much interested in investing in research results (theoretical and experimental). Therefore the
development of this model for studying the physical results are very necessary and is considered as an important method to attract more fund for
physics research so that it may improve the quality of research study physics. Models, measures and concrete statistical data is gently mentioned as
follows

Problems approach Proposed Models

1. Cooperation between universities, research institutions with
enterprises in scientific research and the interests of the parties
1.1 For enterprises

~Cooperation with the universities, institutes is considered as attractive investment
channel for enterprises to improve quality of the product.

~- Base on idea, innovation of the researchers in the universities and institutes, the
enterprises may quickly produce and introduce the new product to the market
~#Giving supplementary “artificial capital” to the researchers. It also their the grey
matter

~ Providing the chance for enterprise to promote its business activity and implement
the social obligation.

1. Technology incubator

~#Technology incubator is division belong to the universities or research
institutions (universities and enterprises investment funding), activities to
support technology viable ideas become product configured. After the
nursery can make the output of products which business can apply to
organizations production.

INVESTIGATIONS  ghibe eing

DISCOVERY
IDEA
FREAPARE = BEFORE
- ceadcont taq INCUBATE

1.2 For Universities, research institutions

~ Supplementing the budget for the research activities

~Increasing the financial self control right in researcher activities.

- Quick putting the research results into the practice

In general, the cooperation bring the beneficial for all involved parties

i
START
WORK
T
INCUBATE
MATURE

AFFTER
PERFECT I Hiu vom tao INCUBATE

MARKET hi truiing

2. The question is how this collaboration really effective

~ Cooperation can not play unilaterally. All concerned parties must actively look to
the other, promote, expand and diversify their relations

~Enterprises must actively set all issues to study and be solved in practice by
researchers

~8Scientists need to actively inform their research results to enterprise. The results of
this study can be applied immediately in practice. In some case, it may require

2. Technology business incubator
~#Technology business incubator is a division belongs to the universities or

additional funding from the business

~ Beside businesses and scientists, it is good idea if we could involve specialist
advice on legal, appraisal value of scientific research, drafting the contract, to ensure
mutual benefits to all parties and the most important thing is to keep the long and
reliable cooperation between businesses and scientists (the services of science,
technology transfer)

3.Actual situations in Viet Nam

ZInvestment, low risk but get high profit and can quick recover its capital). Many
enterprises have funded to a researching the university and institutes. Most of the research
results gotten from the governmental funded projects and were applied to businesses.
Obviously it has brought many benefits to the entire society.

~#For industry, or basic and applied scientific research such as research in physics
(condensed matter physics, material physics, physical electronics, biomedical physics,
high energy physics,...) often face difficulties due to the expense of investment in research
in this field is big but high-risk and long-time capital withdrawal. Most research in physics
now Vietnam is expect to those funds granted either by the government or by the foreign
research institutes, universities (in practice, the foreign research institutes and universities
often focus on investment of the training in Vietnam, but they are very little interest in
investment research)

Conclusions

The development of this model for studying the physical results are
very necessary and is considered as an important method to attract
more fund for physics research so that it may improve the quality of
research study physics.
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research institutions activities to support establish enterprises based on the
ideas or technology platform. After the nursery, its output products may apply
in the technology sector.

3. Part-time staff in enterprise

~#The researcher in the universities, institutes spend from 1 to 3 months per
year to work in the enterprises and fully understand the demand of the social
and enterprises. Base on it, the researcher determine their scientific activities
in the coming time

4.Establish universities and research institutions of
enterprises

5. Seek investment funding from the business associations
or Fund development of science,...

For discussion
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The Consortium

IAGOS-ERI builds on 15 years of scientific and technological experience gained in the research projects MOZAIC (Measurement of Ozone and Water Vapour on Airbus in-service
Aircraft) and CARIBIC (Civil Aircraft for the Regular Investigation of the Atmosphere Based on an Instrument Container).

The Partnership Associated Airlines
- . ",
0 Ju |_-|C"_| % frrivens EﬂRiT"cE% ’w BRITISH AIRWAYS CHilA ARLINES u'}j@ﬁ h
UNIVERSITY OF — L e =,
¥ CAMBRIDGE  BRITISH AIRWAYS = B AR ey o %) Austrian 7 & . aanmas
“Air Namibia
.\ N > Ccnes e
el =24 ) 5 Phiippine
srviscore ] Dl AIRBUS CECMWF - IBERIAs F3 CATHAY PACIFIC Airlines | SOUTHAFRICAN AwAYs
The Science The Technical Approach
The need for routine aircraft observations at the global scale . .
is driven by: IAGOS-ERI deploys newly developed high-tech instruments aboard

a fleet of Airbus longhaul aircraft for regular in-situ measure-

- The scientific communities engaged in modelling of
ments of atmospheric chemical species (O3, CO, CO»,

« Climate Change

« Air Quality ' ey, - NOy, NOy, H;0), aerosols and cloud particles.
« Carbon Cycle - -
* Impact of Aviation - ey,

- The Task Force on Hemispheric Transport of Air Pollutants (HTAP)
- The GMES Atmospheric Service (GAS)
- The scientific community engaged in improving satellite data

IAGOS instruments are
permanently installed in
the avionic compartment.

ECMWF/GEMS Forecast of Surface NOx for 26.11.2008 (http://gems.ecmwf.int)

The Users

IAGOS-ERI provides data for users in science and policy, including:
- Modelling of climate change and global air quality

- Air quality forecasting in the GMES Atmospheric Service.

- Verification of CO, emissions and Kyoto monitoring

- Numerical weather prediction

- Validation of satellite data products

In CARIBIC, a cargo container is deplo-
yed as a flying laboratory aboard one
aircraft. A special multi-functional inlet
system allows optical measurements
and accurate sampling for aerosol and

. . . trace gases.
Model evaluation with airborne
k] ahservations from MQZAIC

heatwraye
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Coordinator: A.Volz-Thomas, Institut fir Chemie und Dynamik der Geosphare 2,

oM EENENENELULVLLLLEHEN =5 170 MEuro over Forschungszentrum Jilich, Germany, a.volz-thomas@fz-juelich.de
1.3 5 7 9 11 13 15 17 19

° 20 years .
Year of Operation WWW.IagOS.Org
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2 HFML Nijmegen, The Netherlands

& EMFL—Plans fora European
High Magnetic Field Facility

O. Portugall’, G. Rikken', J. K. Maan? and J. Wosnitza®

" LNCMI Grenoble & Toulouse, France
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* *
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3 HLD Dresden, Germany

Science in high fields High magnetic field generation User facilities worldwi

Magnetic fields act on charges and spins. Their
capability to influence matter reversibly, without
intrusion, makes them a useful tool to

o manipulate (deflection, levitation, separa-
tion, alignment, acceleration),

e probe (nuclear magnetic resonance, elec-
tron spin and cyclotron resonance, Hall-
effect and magneto-resistance),

e induce new fundamental states (field-
induced supraconductivity, normal state of
superconductors, magnetic phases).

High magnetic fields have played an essential
role in discoveries rewarded by 15 Nobel prizes.

(‘Iig’/l-ﬁ(‘/(/ X-ray scattering setup (LNCMI-ESRF).

The generation of high magnetic fields is techni-
cally limited by several physical phenomena.

e Critical field of superconductors:
25 T limit for generating magnetic fields
dissipationless.

Joule heating of electrical conductors:
36 T limit for static fields (resistive only).
45 T limit for static fields (hybrid).

Lorentz forces:
90 T limit for non-destructive pulsed fields.

e Magnetic flux diffusion:
300 T limit for destructive single-turn coils,
700 T limit for in-door flux compression.

The technical difficulty of generating high mag-
netic fields has given rise to a centralization of re-
search activities in a few large user facilities that
are based on four corner stones:

e the development of cutting-edge magnet
technology,

the development of suitable experimental
techniques,

an extensive in-house research programm,

e the accommodation of external users on a
regular basis.

Mijmegen

User facilities for pulsed (red) and static (yellow)
magnetic fields. Installations marked by * are under
('(NI.\”‘[[('/I.()”.

The EuroMagNET consortium

non-destructive magnet.

hybrid magnet underway.

to 35 T; 43 T hybrid magnet under construction.

iments at other large facilities.

.

e HLD Dresden, Germany — pulsed magnetic fields up to
87 T; access to the THz-FEL ELBE; project for a 100 T

e HFML Nijmegen, The Netherlands — static magnetic
fields up to 33 T; constructions of a THz-FEL and 44 T

o LNCMI Grenoble, France — static magnetic fields up

o LNCMI Toulouse, France — pulsed fields up to 80 T,
ultra-short 300 T fields and mobile generators for exper-

EuroMagNET (www.euromagnet2.eu) comprises the 4 largest
European magnet facilities as core-partners. Installations are
open to external users whose projects have been validated by
an international selection committee. Calls for proposals are
issued twice a year. Financial support for European users is
provided through the Transnational Access (TNA) programme.

Project proposals per country received by
EuroMagNET in 2009. Asia represents the
second largest user group after Europe.

The EMFL project

EuroMagNET is funded on a 4-year basis by the Euro-
pean Commission. In order to consolidate and improve
the free access to high magnetic fields for the interna-
tional user community, it is planned that the existing
network will evolve into a distributed infrastructure, the
European Magnetic Field Laboratory (EMFL).

As of 2008, the EMFL project has been integrated in
the ESFRI roadmap for European large installations.
The corresponding preparatory phase proposal is under

Qvuluulion.

Radbers: Unhersity Mimges
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The EuroMagNET partners maintain collabora-
tions with high-field facilities in China and Japan
as well as other laboratories in Asia. These need
to be intensified to counterbalance the American
supremacy and to cope efficiently with issues re-
lated to the operation of large-scale installations.
Some issues to be addressed are:

e Joint scientific projects — make use of
the complementarity of experimental tech-
niques available in different facilities.

e Joint technological development — avoid
redundancy and limit the individual invest-
ment in cost-intensive areas.

e Outsourcing — identify industrial partners
to take over tasks of routine production; en-
hance prototype development in exchange.

Purchasing — coordinate the acquisition of
raw materials so as to improve industrial
partnerships.

.

HLD Dresden, Germany
Jochen Wosnitza — j.wosnitza@fzd.de

HFML Nijmegen, The Netherlands
Jan Kees Maan — jc.maan@science.ru.nl

LNCMI Grenoble & Toulouse, France
Geert Rikken — geert.rikken @Incmi.cnrs.fr
Oliver Portugall — oliver.portugall @Incmi.cnrs.fr
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EISCAT_3D: A European Three-Dimensional Imaging

Radar for Atmospheric and Geospace Research

Esa Turunen, EISCAT Scientific Association, Box 812, SE-981 28 Kiruna, Sweden

Descent of air

EISCAT_3D will be Europe’s next-generation radar for the study of the high-latitude :
A A

atmosphere and geospace. The facility will be located in northern Fenno-Scandina- e R .

via, with capabilities going well beyond anything currently available to the interna- Ereninis

tional research community. Several very large active phased-array antenna "-:zf:'-:s:tms:.,‘m

transmitter/receiver arrays, and multiple passive sites will be located across three < 0 R T B2 vimrpoomide ;
& countries. EISCAT_3D will be comprised of tens of thousands, up to more than . Roadmap 2008 v : s
100000, individual antenna elements. The Science Objectives o oo oot

g i - ) . “What is the influence of natural variability

EISCAT_3D combines several key attributes which have never before been avail- B ES R EEE FORILEE

4 q 9 A 4 q *How are atmospheric layers coupled?
able togetl?er in a smgle. radgr, such as \{olurr?etnc imaging and tracking, aper{ure 3 Support for space AR 1 s
synthesis imaging, multistatic configuration, improved sensitivity and transmitter B EER A Els
flexibility. The use of advanced beam-forming technology allows the beam direction JESHS ks :
] A - i i 3 rbital element determination of space debris,
to be switched in milliseconds, rather than the minutes which it can take to re- meteors and asteroids.
position dish-based radars. This allows very wide spatial coverage to be obtained, 'E“j;fn‘j;:;‘e"”“‘deP"s"°”a‘”‘“"he"‘
by interleaving multiple beam directions to carry out quasi-simultaneous volumetric BN AT L I Eau
imaging. It also allows objects such as satellites and space debris to be tracked S PSS i
p 5 : . g *Mapping of near-Earth objects.

across the sky. At the passive sites, the design allows for at least five simulfaneous BRI NEEEn e

beams at full bandwidth, rising to over twenty beams if the bandwidth is limited to the RESRSEEEER
2 2 3 - . echnology.
ion line, allowing the whole range of the transmitted beam to be imaged from each S SR

paSSive site, uSing hOIOgraphiC radar ts'chniques_ Dr Esa Turunen, EISCAT, Kiruna, Sweden, esa.turunen@eiscat.se
e A - = _ Dr Kirsti Kauristie, Finnish Meteorological Institute, Helsinki, Finland, kirsti.kauristie@fmi.fi
., UK,

Could NOx production by energetic particle
precipitation change the surface temperatures?

Design Study
geometry

S ot (0 . Toma) PRGGE st oo . Tt

Est = | =N _ g ] IERaRsdr g 1] oemg i
!is = ‘ = | [ \ .] ;

R

*at least 4 remotes.and 1 coresite

+ resolution-at-100.km 1s/100m

+3D coverage: stratosphere - 800 km
» core site range up to 2000 km

S A b S 5 T ooy 8 SCALE:A0's of thousands of antennas
. iency of (224 £ 3) MHz , reception of TRO VHF systern. - RESOLUTION: 10 times bettertime and spatial resoution than present radars
! The time line: iR o e 2.0 20 Lol el CAPABILITY: EISCAT_3D will be a volumetric radar capable of imaging an extended spatial area
s / ’ With simultaneous full-vector drift velocities, having continuous operation modes, short baseline

= = o . = ¥ | ’ = interferometry capability for imaging sub-beamwidth scales, real-time data access for applications
I 2005-2009: DeS|gn StUdy’ completed nd extensive data archiving facilities.

+2010-2013: Preparatory Phase = SCAT_3D is open to Global and Asian participitation

+2014-2015:C 5 L L During th“reparatory phase 2010-2013 the development of technical concepts according to

= :Construction 5 Y science criteria will be done via user community workshops and dedicate work groups.
+2015-2045: oPeration e et If your institute is interested to use EISCAT_3D, please send us a request to be included as an
Associate Partner. Associate partners are invited to user meetings and workgroups.
- NEXT USER MEETING: 19-21 MAY, 2010, UPPSALA, SWEDEN
. = T x e 3 Seg‘handout document at http://www.eiscat3d.se/drupal/material

EISCAT_3D has a modular configuration, which allows an active array to be split into smaller elements to be used for ap- s " - -
erture synthesis imaging. The result will be an entirely new data product, consisting of range-dependent images of small Modular Constru Ct|0n seve ral sites = ESFRI Roadmap project
sub-beamw:t@h sgale st/‘uctules. with sizes down ‘to 20 m. EISCAT_3D V‘I/I// be the f/rs{ phased array incoherent scatter radar - The Swedish Research Council proposed E|SC AT_3D 1
to use a multistatic configuration. A minimum of five radar sites, consisting of two pairs located around 120 km and 250 km
from the active site respectively, on baselines running East and South from the active core, is envisaged. This provides an 0 on the ESFRI Roadmap x =
optimal geometry for calculation of vector velocities in the middle and upper atmosphere. The gain of the EISCAT_3D anten- o « ESFRI accepted the proposal in December 2008. ‘
nas and the large size of the active site arrays will deliver an enormous increase in the figure-of-merit relative to any of Ly . - «The ESFRI EISCAT_3D proposal emphasizes modular
EISCAT's existing radars. An active site of 5,000 elements would already exceed the performance of the current EISCAT - construction of a large distributed radar facility l
VHF system, while an active site comprising 16,000 elements, as suggested in the Design Study carried out from 2005 to with a possibility to have several active sites i
2009, will exceed the sensitivity of the present VHF radar by an order of magnitude. Each transmitter unit will have its own % £ Operation 2015-2045
Zlgna/ generator. allowing the ge_ne/at/on and transmission of arbitrary wa\_/eforms, limited only by the available transmission Estimated costs: Preparation: 6 MEUR I
andwidth and spectrum allocation by the frequency management authorities. ! - A o |

Implementation of all currently used and envisaged modulation schemes and antenna codings (such as polyphase alter- Construction: 60 MEUR one efctlve site ':
nating codes, array tapering, orbital angular momentum beams) is possible, as well as adaptation to any kind of future codes. . %, B 250 MEUR all sites
In addition, it will allow advanced clutter mitigation strategies such as adaptive null steering and null shaping. . - * Operation:4-10 MEUR/year

The science case of EISCAT_3D is versatile, ranging from global change related studies of the atmospheric energy Decomissioning: 10-15% of construction
budget and coupling of atmospheric regions to space plasma physics with both small-scale structures and large-scale pro-
cesses, as well as planetary and meteor radar applications. Additional societal value is in opportunities for continuous geo- 4
space environment monitoring and possible service applications to users needing information on space debris and space i - We bsite: http / % WWW elscat3d SE/
weather. s o b o L
EISCAT is an International Associa- EU - EISCAT Scientific Association operates currently three incoherent. scatter 3
tion with current members from radars in Northern Scandinavia. The current facilities include the 2-dish mono-
China, Finland, Germany, Japan, o static radar at 500Mhz at Longyearbyen, Svalbard, the 224 MHz monostatic
Norway, Sweden, and Great Britain, - | VHF radar in Tromse, Norway, a tristatic UHF radar at 930 Mhz with §

+|RAl

as well as supporting partners from = transmitter/receiver in Tromsp and receivers in Kiruna, Sweden and Sodan-
France, Russia and Ukraine. kyla, Finland, a high-power HF heating facility in Tromso, as well as 2 dyna-
sondes in Tromso and at Svalbard.

|
il AARI+CNRS:
EU funding of mobility and develop- - 11 %
ment is essential.

Incoherent scatter radar (ISR) is known to be the most versatile ground-based %
J remote sensing method of the upper atmosphere and near-Earth space, being |
EISCAT ..|_ SA > able to measure 4 parameters, electron density, electron temperature, ion =
. . 12 % temperature and line-of-sight plasma velocity simultaneously. With assump-
Scientific tions, even more parameters can be deduced. Also weak coherent targets, §
such as meteors and very small space debris can be measured since the ISR
is essentially a high-power, large-aperture radar. . - Tromse HF Heating




A new experience in clustering teams of physicists:
Triangle de la Physique in the south of Paris

Christian Colliex*, Elisabeth Bouchaud, Anna da Costa,

Triangle de la Physique, Les Algorithmes, F 91190 Saint Aubin, France

colliex@Ips.u-psud.fr, elisabeth.bouchaud@cea.fr, anna.dacosta@triangledelaphysique.fr

TRIANGLE

an Advanced Research Cluster in Physics

PﬁYLngUE from basic to applied (optics, lasers, nanosciences, condensed matter, statistical physics, complexity...) of more
than 12000 permanent physicists (researchers, professors and engineers...) attached to 40 laboratories.

Our goals

/- Improve the international global visibility and attractiveness of a
critical number of expert and recognized physicists working on top
level equipment, gathered on a restricted geographic area (south of
Paris) but belonging to different science organizations, universities and
engineering schools;

/- Create a new dynamics among the scientific population to generate
ambitious and innovative projects, transgressing the administrative
affiliations;

/- Promote a world-wide recognized scientific label.

Our tools
To foster international attractiveness:

/. grants for consolidated senior chairs
S. Svensson, 2007, University of Uppsala, Sweden
Lev loffe, 2007, Rutgers University, USA
Jorg Wrachtrup, 2008, University of Stuttgart, Germany
Léon Sanche, 2009, University of Sherbrooke, Canada

/. grants for welcoming visiting foreign professors and researchers, as well
as post-doctoral (about and Ph.D. positions
/- support for sabbatical visits of French staff and of students into foreign
labs
To promote emerging novel research themes:
/- grants for consolidated junior chairs with equipment and running
costs
Corinna Kollath, 2007; Laurie Calvet, 2008; Viatcheslav Kokoouline,
2008; Andrea Fioretti, 2009; Mikkhail Zvonarev, 2009

/— support for hiring dedicated post-docs (57 in 3 years) and Ph. D.
students

To upgrade the common scientific and technical substrate of
equipment:
/-~ finance prioritary common equipment for experiments and computing,
to be shared by several users
Appeal (2007), FemtoArpes (2008), Frachet (2009)
To encourage diffusion towards the socio-economical neighbourhood:

/- select and promote a few proposals for transfer of technology, for
innovation in education and teaching

Our scientific themes
Federative Themes...
1. Coherence and quantum entanglement: from atoms to mesoscopic systems
. Matter out of equilibrium: from molecules to nanoparticles
Complex matter: systems, materials and dynamics
. Strongly correlated materials
. Spintronics
. Extreme light pole
Nanophotonics
... relying on a common substrate of:
A. Instrumentation at its limits
B. Theory from statistical physics to ab initio modelization
C. Synthesis of new objects for study Our founders:
D. Innovation and transfer of technology

2
3.
4
5
6
7.

http://www.triangledelaphysique.com
contact@triangledelaphysique.fr
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Scheme of electrical control of spin polarization at a Fe/BaTiO3
interface and atomically resolved image of its structure

OxiSpintronics project 2008, see Ferroelectric control of spin polarization
by V. Garcia et al. Science 327 (2010) 1106

Magnetic probe using the echo of spin of a center
colored in a nanocrystal of diamond
B-Diamant project, 2008 Senior Chair J. Wrachtrup

A targeted joint project to promote the
use in physics, chemistry and biology,
of short electron pulses generated
by ultra-short laser beams. Perform
advanced experiments in radiolysis and in
radiotherapy.

Appeal project, 2007
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The First Asia-Europe Physics Summit, Tsukuba, March 24-26, 2010, presented by Takashi Kondoh

JAEA

Japan Domestic Agency of the ITER Project
Japan Atomic Energy Agency, Naka, lbaraki 311-0193 Japan

ITER Project to demonstrate the feasibility of fusion energy

Expectations for ITER

Utilization of fusion energy is one of the most attractive
solutions to a future long-term energy source and global warming
which respond to a common demand of mankind. The overall
programmatic objective of ITER (originally the International
Thermonuclear Experimental Reactor) is to demonstrate the
scientific and technological feasibility of fusion energy for
peaceful purposes. Technical objectives of ITER can be
summarized as follows:

Plasma Performance

» Extended burn in inductively driven plasmas with the ratio of
fusion power to auxiliary heating power, Q, of at least 10 with a
duration sufficient to achieve stationary conditions on the
timescales characteristic of plasma processes.

» Demonstrating steady-state operation using non-inductive
current drive with the ratio of fusion power to input power for
current drive of at least 5.

« Possibility of controlled ignition should not be precluded.

Engineering Performance and Testing

« Demonstrating the availability and integration of technologies
essential for a fusion reactor (such as superconducting
magnets and remote maintenance).

« Testing components for a future reactor (such as systems to
exhaust power and particles from the plasma).

« Testing tritium breeding module concepts that would lead in a
future reactor.

Domestic Agencies’ contribution

The idea for ITER originated from the Geneva Superpower
Summit in 1985 and is a research cooperation using international
resources and expertise toward the practical realization of fusion
energy.

The ITER Agreement was signed by Japan, USA, Russia,
European Union (EU), China, Korea, and India in 2006. The ITER
project is managed by the ITER Organization, based in
Cadarache, in the South of France. Japan Atomic Energy Agency
was designated as a domestic agency of ITER Project in Japan,
and procures the equipments and devices such as the
superconducting coils and plays a role as the contact points of a
personnel contribution of Japan to the ITER Project.

Cost sharing for construction of host (EU) is 45.46 % and other
6 parties are 9.09 %. In-kind procurement (construction and
secondment of human resources to the ITER Organization) is 78
% and cash contribution is 22 %.

Russia Korea India

License to 5 10 15 20 25
construction

A Way Towards Practical Use of Fusion Energy

Large Tokamak
Devices

JT-60(JA) Commercial
TFTR (US) Power Plant
JET (EU)

ITER is a bridge from the Large Tokamak Devices toward demonstrat-
ing the feasibility of a large-scale reactor for electrical power produc-
tion, called DEMO. DEMO will lead the way to the first commercial
fusion power plant.

Demonstration
Plant for Electric
Power Generation

Experimental

Middle of 21st century

Schedule of ITER

Operation

Construction ,/
/ (20 years)

(10 years)
35(Years)

The ITER project is planned to last for 30 years — 10 for construction
and 20 years of operation.

In-kind Procurement by Japan

Japan contributes to the construction of ITER by producing major components

Central Solenoid Coils

Superconducting coils for
controlling the start up,
fusion burning and shut
down of the plasma. Japan
shall procure all conductors
for Central Solenoid Coils.

Toroidal Field Coils

Superconducting coils for
confinement of the high tem-
perature plasma. Japan
shall procure 25% conduc-
tors, nine windings, all struc-
tures and nine coils for
Toroidal Field Coils.

Remote Handling
Equipment

Remote handling equip-
ment for shield blanket
maintenance and replace-
ment.

Tritium Plant

. A tritium separation, purifi-
cation and re-fueling facil-
ity. Japan shall procure Air
Detritiation System.

in collaboration with the ITER Organization and Participating Parties.

© ITER Organization

Main Parameters of ITER
Total fusion power 500 MW
Plasma major radius 6.2m
Plasma minor radius 20m
Plasma Current 15 MA
Toroidal field at 6.2 mradius 5.3 T
Plasma inductive burn time 300 - 500 s

Diagnostics

Devices for measuring the
temperature and density of
ions and electrons in plasma
and the distribution of impu-
rities and neutrons.

Test Blanket Module

Test Blanket module will lead to a
DEMO reactor blanket through the
experimental operations in ITER .
This is prepared for the test at the
ITER, and outside of the scope of
in-kind procurement.

Electron Cyclotron Radio
Frequency Resonance
Heating System

Plasma heating device using elec-
tromagnetic waves in the electron
cyclotron wave range.

Neutral Beam Injector
Plasma heating device using high
energy neutral beam. Developments
of 1 MV bushing with large bore ce-
ramic and 1 MeV accelerator are in
progress.

MV bushing with large
bore ceramic ring

1 MeV five stage negative
ion accelerator

Divertor

In-vessel components for
heat removal and exhaust of
helium ash and impurities.

Fusion Research Test Facility for ITER Procurement

JADA pursues the procurement of ITER components through R&D and

testing in these existing facilities in use for fusion research in JAEA.

MeV Class lon Source

Superconducting Coil
Test Facility

Gyrotron Test Facility Tritium Process Laboratory Diagnostics Test Facility Remote Handling Test Facility High Heat Flux test

Facility

Fusion Neutronics
Source Facility
Testing using 14 MeV

neutrons.

Test Facility
Testing of the RF heat-
ing system

A series of demonstration
tests for the tritium removal
system has been carried out
to provide the data related to
licensing of ITER.

Developing a high-energy-output Testing of remote handling
(5 J) and high-repetition-rate (100 equipment.

Hz) YAG laser for edge Thomson

scattering system.

Testing of supercon-
ducting magnets.

Testing of a 1 MeV ac-
celerator for the neutral
beam injection system.

High heat flux testing
of the test blanket
module and divertor.




Current Status of ITER Broader Approach Activities
within the Framework of Japan-EU Collaboration

- IFMIF/EVEDA & IFERC Projects in Rokkasho and Satellite Tokamak JT-60SA Project in Naka —
The Implementing Teams of IFMIF/EVEDA and IFERC, and the JT-60SA Team

Mission: The Earliest Realization of Fusion
Energy

Strategy toward Fusion Power

Management Structure for Broader Approach

o o : icala EU Japan
The Broader Approach (BA) is a Japan-EU collaborative Scientific Scientific & Technical Encon“rimnmlca ] _ Implementing
project aiming at supporting the ITER Project and complementing Feasibility Feasibility 3 Fggsnimﬂ;ia Implementing
developments toward a fusion DEMO reactor on the same period of ITER DEMO

ITER construction

The major objective of ITER validate the scientific and 'F:“S';&s"m'
engineening feasibility of fusion energy, by demonstrating a stable A -Demonstrate
D-T burning operation. This, however, is considered insufficient for Stable D-T
the earliest achievement of fusion energy. Demoﬂstr&’ Burning

In parallel with the ITER project, additional and sugplemental a Breakeven

R&Ds are considered necessary as follows: (&) fusion materials

——
Support ITER

Overall direction and supervision of the

Steering Committee |
Implementation of the BA activities J
I

23 B

. #
e ey Three Projects in BA:

1) Engineering Validation and Engineering Design Activities for the
International Fusion Materials Irradiation Facility (IFMIF/EVEDA)

PT&
JT-60 &
JET

development and their iradiation tests, (b) conceptual design and
engineenng assessments for the DEMO, (c) enginesring
developments of the breeding blanket including materials for tritium
bleeding, neutron multiplier, and also (d) research and
developments of plasma to support ITER with exploring advancad
tokamak scenarios |
0On such a mutual understanding of fusion energy R&D A

~60SA

Broader Approach ¢

IFMIF/EVEDA & IFERG

Producti
f‘ﬂmpleﬁ nt
ITER
toward
DEMO

2) International Fusion Energy Research Center (IFERC),
a) DEMO Design and R&D Coordination Center
b) Computer Simulation Center
¢} ITER Remote Experiment Center
3) Satellite Tokamak Program
Participation to Upgrade of JT-60 Tokamak to JT-60SA and Its
Exploitation to Contribute to the Earliest Realization of Fusion

strategy common to both Japan and EU, they agreed to initiate the
BA Activities together with the ITER project.

// Building Construction Status of International Fusion
Energy Research Center in Rokkasho-mura, Aomon Pref.

N

R IFMIFIEVEDA
Rokkasho-Mura 30MW . Accelerator Buildi

IFMIF/EVEDA Project

10 Experts

L

5 Experts and 6
Support Staffs
L3 =S (January, 2010)
Accelerator Building

Design and manufacturing of the IFMIF Prototype
Accalerator and the targst facility (Li test loog) have
been initiated.

Cutaway View of
the Building

The Prototype Accelerator consists of an injector, a
Radio-Frequency QL RFQ) A , and
a Superconducting Linac, aiming at demons1rat|ng
continuous acceleration of high current (125 mA, CW)
deuterium ion beams,

Injector
| (100keVI40maA)

| RFQ
| 9.8m {0.1-5MeVI125mA)

Superconducting Linac

4.6m (5-2MeV125mA)

IFERC Project

Computer Simulation Center &
ITER Remote Experiment Center

DEMO Design and
R&D Coordination Center
—

imulation & Remole
s Building

omputer
Experiment Fac

For the Computer Simulation Center,
selection of the hlqh perlmmance
computer {the ne:

For DEMO design and R&D activities, the first three
years of 2007-3 as the first phase have been devoted

Energy by Addressing the Key Physics Issues in ITER and DEMO. /

Satellite Tokamak JT-60SA Project

Complete reconfiguration of the JT-60 by reusing as many existing infrastructure

sucn as the power sr.rpph’es heating devices, cooling systems, etc., as possible.
d ion and financial for

Haka site

The mission of JT-5805A is capable of
confining breakeven-equivalent class, high-
pressure deuterium plasmas with the max.
plasma current of 5.5 MA,
toroidal (2.28 T) and poloidal field coils. 34
MW of NB and 7 MW of ECRF for up to 100 5.

are shared by EU 8!?644

| compressor Budding

Magnet interface . :

[[Power suppiies

P S [FFcomaresiog ) [(cs, e cais
condition 1
B
‘5_, 10 JT-&O
S
=
JET1
ou-D TFTR
10"
167 0 10°
T 10} %] Japan-EU Sharing of Tokamak Facilities in Naka

Plasma Operation Regime
| Typical Plasma Parameters

D LowA | MER-shaps | Highe il
290 251 267
118 (KT} (KD
55 s
F¥:] FED)
75 FE
Piasrma Clogabon v,y 181,170 W2_183
Fiasma Trangaarey 5. o D43.033 | 081041
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m i
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| o 076
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Gireanwald Derasty ] 11 [
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ITER-shape: same x and & but kower A than ITER.

Lant ivertion part vl splece shoel

In-vessel Components @

Torcidal Field Coil. 18

Pty
Center Solencid )

E‘-‘ulllbuum Field
uls [

Nbasn

. NbTI

TFC conductor

conductor

NbTi
EF-L& -H
Conductor

Cutside diameter: 8.95 m

-Magnetic Energy in lznwm Side diameter:
. 86 m

e les Torus height §.63 m

Shell thickness 18 mm

Branciey support

-Max Field in TFC
coils: 5.8 T

) Wieight~150 ton
-CS Peak Fiekd: 89T O A TC e ey Vacuum Vessel @
-Magnet Weight Normal operation
o 700 tons (4K) Temp.:50 degC (Low Co SUS316L)
T Grawity Supgon , (Boric acid water bebween
Superconducting TF [lll and PF @ Coils sheis)

R TR MNaka Fusion Institute
Boted CF C and Graphite ties| . ..

to workshops and preparation for activities.

The following years will be planned for full-fledged
achivities in collaborative design and R&D works.

- Establish Common Conceptual DEMO Design
{Assumption, Cost, Time Schedule, Safety Eoncept}

- Physics and Engineering Issues in R&D should be
identified, and Preliminary R&D (Low Activated
Materials, Breeding Blanket, Tritium Management, etc.}

A

supercomputer) is now szng for
operation of early in 20

- D-T buming plasma simulation for ITER

- Advanced plasma behavior simulation
for JT-60SA

- DEMO reactor design _

- Advanced material simulation

The Remote Experiment Center will be
tested in 2015 using JT-B0SA, after
design, manufacturing, and installation
in 2012-2015.

> . Breoding

Materials -

ultiplier

N, Structural
-— \Mntmnls
DEMO Concepls & Salely DEMO Breeding Blanket RED

Year
IFMIF/EVEDA
EComputer Simulation Center

IFERC  pEMO Des. R&D Coord,Center
Remote Experiment Canter |

& gl
e

IT60.

k

PF §C Conductor

Manufacturing Building (700m in length) WV Welding Test

Manufacturing Activities ®

ITER Broader Approach
ITER BA Activities, IFMIF/EVEDA, IFERC, and
Satellite Tokamak JT-605A, are now being
implemented within a tight active collaboration
between Japan and EU, toward the earliest
realization of fusion energy for human beings.

Outar tarnt

PF Coil Manufacturing
Building

Wnrulgﬁ 40
o
CFC menablock
target

Lower Divertor @
The divertor target is water-cooled
resistant against the heat flux of 15 MVWm?
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Particle Accelerators in China

Particle Accelerator Branch, Chinese Physics Society
The China Association for Science and Technology
P.O. Box 918, Beijing 100049, China

In China, there are Beijing Electron-Positron Collider (BEPC) and its major upgrade
BEPCII for charm and 7t physics research; Heavy Ion Research Facility in Lazhou (HIRFL) and
its Cooling Storage Ring (HIRFL-CSR), and Beijing Radioactive Ion Facility (BIRF) for nuclear
physics research; Beijing Synchrotron Radiation Facility (BSRF), Hefei Light Source (HLS),
Shanghai Synchrotron Radiation Facility (SSRF) and China Spallation Neutron Source (CSNS)
for researches of atomic and molecular scale. In the meantime, numbers of low energy
accelerators have been constructed and applied in scientific research, irradiation, medicine and
nondestructive testing. International collaboration in accelerator field is actively promoted.

Accelerator for Irradiation

@ Mare than 1040 industrial i i above SKW in of
@ More than 20 new production lines bave been constructed sinoe 2005,
@ Widely applied in various parts of industry.
B |
-

)
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BEPCII Team e M

Institute of High Energy Physics, Chinese Academy of Sciences
P.O. Box 918, Beijing 100049, China

The major upgrade of the Beijing Electron-Positron Collider (BEPCII) is one of
China’s key projects. It is a double ring e*-e- collider as well as a synchrotron
radiation (SR) source with its outer ring, or SR ring. Construction of BEPCII started
in the beginning of 2004. Installation of the storage ring components completed in
October 2007. The commissioning of BEPCII started in June 2008 together with
BESIII detector. The luminosity increased step by step and reached 1/3 of design
value in May 2009. The collider has been in routine operation since November 2009.

Strategy of luminosity upgrade
Beam energy range 1-2.1 GeV gy yupg
Choose large &, & optimum ‘
Optimized beam energy 1.89GeV Double-ring: multi-buneh, k521 3 93 | CemDsU SRSl
BT 34
Luminosity @ 1.89 GeV 1x10 ® em?s™ lll <10 U+ B)e
Iniecti fi Ii Full energy injeCtion: Ei,.,=1.55—1.89GeV Micro-B: 8 =5cm -)l 5 cm ‘ Reduce impédance +SC RF ‘
NJCCHop oM Inac Positron injection rate > 50 mA/min SEinsertionlquady =30 S LG
(Lgepcr/ Leepc) p.r=(5.5/1.5) x93 % 9.8/35=96
Dedicated SR operation 250 mA @ 2.5 GeV Lgepc=1.0x10 3! em2s! =¥ Lggpcn =1x10 3 em-2s!

.
.‘.1. BESII hall 2. BESII co'lztrul 1rooIn
? Lower supply hall 4. RFistation
=1 Nm‘th]IR hall 6. Storage nng Tunnel

T.Tr 'lm]mlt line tunnel E

8. Linac tun.pel
S

-
[}

-

-

Storag

4. Klystron gallery g/ g

10. Nucle'u ’sics hall

HEP Operatmn

/ .. e — .'..--'--.

First Asia-Europe Physics Summit Tsukuba, Ibaraki 305-0801, Japan, March 24 - 26, 2010



Progress of Beijing Tandem Accelerator National Lab

China Institute of Atomic Energy (CIAE)

About Tandem Lab

HI-13 Tandem Accelerator

3

100 MeV 200 mA compact proton cyclotron, s
20000 mass resolution ISOL,
2 MeV/q Super-Conducting LINAC (SCL)

X

Beijing Radioactive lon-beam

Main subject

Nuclear data Measurement
—Nuclear physics Basic Research
— Application of Nuclear technology

Main Experimental Facilities

— Neutron Time-of-Flight spectrometer 100 Mav. 1oL
= savv-ion spec ote: 200ph | |Mass
Q3D heavy-ion spectrometer ot e
— Accelerator Mass spectrometry °!°'°“|"" m“l
—Sccondgr)- hc?m line - e T Huciear dar o]
—Heavy-ion Micro beam facility data dm physics Huclear structure
Radiation Material Muclear structure | | Reaction
physics physics Reaction Astiophysics
Astiophysics Atsmic Physics
Atomic Physics
Appli

An unstable nuclear beam facility (GIRAFFE) at the Beijing Tandem accelerator lab was used for producing
low energy secondary beams. GIRAFFE was designed for studying reactions of astrophysical interest and the
structure of unstable nuclei. It comprises a primary reaction chamber, a dipole-quadrupole doublet (D-Q-Q)
beam transport system and a secondary reaction chamber. At the end of 2004, a major upgrading of this facil-
ity will be taken place by inserting a velocity filter after its focal quadrupole doublet; this upgrading will greatly
enhance the beam purity of secondary beam. Up to now, we have carried out measurement of astrophysical
interest, including "Be(d,n)®B, "C(d,n)™N, ®Li(d,n)"Be and "Li(d,p)°Li etc.

Angular Distribution for the "Be(d, n)°B Reaction at E__= 5.8 MeV Cross section for 2Li(d, p)°Li reaction and 2Li(n, y)°Li reaction rate

and the S_,(0) Factor for the "Be(p, 7)*B Reaction

The angular distribution of "Be(d, n)*B reaction has We have measured the angular distribution of

=7.8 MeV,

"Lild, p)'Lig.s. reactionat E_

been measured in the experiment for the first time,

tions, As a result of an independent experimental ap-
proach, the present S _(0) value supports the missing
solar neutrino found in the Kamiokande and Home-
stake experiments. Further experiments along this di-

* rection, e.g., the study of the "Be(""B, *“Be)*B
reaction, are under consideration..

V. Liuetal. PRL77(1996)611 & NPA 616(1997)131c

Main Works on GIRAFFE:

™, from which the S, (0) factor for the "Be(d. n)’B reac- through coincidence detection of "Li and recoil
\ tion was derived. Our S, (0) value (27.4+4.4 eV b) is proton, for the first time, and obtained the cross
" 1o shown together with the currently adopted value (22.4 section and astrophysical S-factor.. By using
4 T +2.1 eV b), the experimental results, and the calcula- ANC deduced from the *Li(d. p)’Li,, angular

distribution, we have successfully derived the

daleo) (mblar)

*Li(ny)* direct capture cross section and

astrophysical reaction rate. We also plan to
carry out an experiment at lower energies by
upgrading our secondary beam facility and
using a thinner DE detector,

Phys. Rev. C 71 (2005) 052801(R)

Seconda . . - A I
- "' | Studied reaction Scientific motivation Publication
o |
0
; B "H("Be. *Bin S factor of the "Bs ¥B reaction Phys. Rev. Lett, 771996)611,
. 2 actor of the "Be(p.1)*B reactic ) 0)6.
_,“" - n N . @ B e Nuel. Phys. A 616(1997)131¢c
. - m n “He VHi®He,*Lin Meutron-Proton Halo Structure for the 3.563 MeV 0+ State in 611 Phys. Lett. B 527 (2002) 50
¥ . . . . . -
$ - 'C “H(M'C, ¥Nin S factor and reaction rate of "'Cip,y)"*N Nucl. Phys. A 728(2003)275
- m #Li *H(*Li, Lijp the astrophysical reaction rate of *Li{n.y)*Li Phys. Rev. C 71 (2005) 032801R
L . S + . . . -
- . m - #Li “HEELL Liyp astrophysical reaction rate of *B{p,y)°C Nuel. Phys. A 761 (2005) 162
- N *H{N, “Ojn the astrophysical "*Nip, y'*O Reaction Rate Phys. Rev. C 74 (2006) 035801
N TH("N,p)*N M0 resonance levels Phys. Rev. CT7(2008)044304
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The SRF ERL Based FEL Test Facility at Peking University B o

SRF Physics & Technology Team -
State Key Lab. of Nuclear Physics & Technology at Peking University, Beijing 100871, China

To provide coherent radiations with high luminosity, high RF efficiency and low waste, the construction of a SRF
(Superconducting RF) ERL (Energy Recovery Linac) test facility (PKU-SETF) was initiated by the PKU-SRF group in
2005 as a mid-term goal. The PKU-SETF consists of mainly a 5 MeV DC-SRF injector, a cryomodule of 9-cell TESLA
cavity for accelerating electrons to ~20 MeV and an energy recovery beam transport loop with two arcs matching with the
main accelerator. An undulator and a chicane compressor are inserted in the loop to produce FEL with 4-8 micron wave
length. The PKU-SETF might be realized in 3 steps. First the 5 MeV beam from the DC-SRF injector will be injected
directly to an undulator to produce THz radiations. After the main accelerator and the energy recovery loop are
accomplished, an ERL Compton Backscattering (CBS) device will be constructed to produce high flux X-ray of ~10 keV.
Finally with an 11.5 m long optical cavity, an IR high brightness laser can be obtained. A 900 m? experimental area was
completed last year, the layout of PKU-SETF is shown in the poster. The cryomodule and the cryogenic system is in

position. The 1% beam from the injector is hopeful this year. Main parameters of PKU-SETF
Schematic layout of PKU-SETF glf;;ﬁf Eiﬁ;rygy ~250 I\l\//iy,
Bunch Frequency 81.25 MHz
- ERL-FEL of PKU =:‘y¢;}msnm= mﬁrnﬁ N Bunch Charge -60 pc
.. W'-. _— _ iy oro Bunch Length at the entrance of Undulator ~1 ps
e Ttmg g e, o o Macro Pulse Length 2 ms
J :0"3 il F:ﬁ 3 N ,:" 3 . Rep. Frequency of Macro Pulse 10 Hz
§ SMev . Energy Spread (rms) 0.24 %
([ An2 P vt 1) Transverse Emmittance (rms, n) ~3 mm-mrad
LY r Length of Undulator 1.5 m
. fleb o A w{f Period of Undulator 3 cm
Mifor Mirfolompeess Chicane K of Undulator 0.5-1.4
Optical Cavity Length 11.52 m
Wave Length of FEL 4.7-8.3 um
Main SRF Accelerator L = DC-SRF photoinjector
) ) +100 KV Pierce gun
* renewable photocathode
T S TN TS PP «3.5-cell large grain Nb cavity

i » working at 2K
5

/
no qdench at
E=23MV/m
§ 123488 FERWNENUBMTWWBD B DM
B M

RF frequency 1.3 GHz

Field gradient 15-20MV/m
Q, X101

Peak Current 20~50 A

Bunch Charge 20~50 pC

Average Current | | 6-4.0 mA

External Q 0.2-1X107

Cryogenic losses 12W@2K

1)

PKU-SETF
(1) Main Accelerator
(2) DC-SRF Photoinjector
(3) 2K Cold Box
(4) Cryogenic System
(5) ERL Beam line loop
(6) 900 m2 SRF Laboratory -




The Beam Test of a Separated Function RFQ Accelerator at Peking University
RFQ Group, PKU
State Key Lab. of Nuclear Physics & Technology, Peking University, Beijing 100871, China

Introduction In a traditional RFQ ions are accelerated and focused simultaneously by related field components generated
by surface modulation of the quadrupole electrodes. Since a large part of the RF voltage is used for beam focusing, the accelerating
efficiency is rather limited. While ions in a Separated Function RFQ (SFRFQ) are accelerated by fields between a series of gaps
generated by diaphragm pairs loaded periodically onto the special pair of quadrupole electrodes and focused by the quadrupole field
separately so that the overall accelerating efficiency is remarkably enhanced. In the following you will see the structure and merits
of the SFRFQ comparing with the traditional RFQ. develoned Iy 6 ‘ b

. eveloped specially for SFRFQ cavity design and beam
Field and Structures of RFQ & SFRFQ dynamﬁ:s siglulatig’n , which S?IOWS tl}llat forgaccelerating O*to
5 MeV for the same 1 MeV input energy and the same vane
voltage of 70 KV of 26 MHz , the total length of a SFRFQ can
be 80% shorter than that of a RFO. (See table below).

SFREQ RFQ

Fig 1: Schematic structure of conventional RFQ

Number of cells 82 132
For a conventional RFQ, we have Average energy gain (keV) per cell 48.§ 30.3
E, = (kAV/2)1,(kr)-sin kz-sin (ot +¢) 1) Synchronous Phase -25 -25
Er = [- (FV/a?)-r-cos (2y) - (kAV/2)-I, (kr)-cos kz]-sin (wt +¢)  (2) Resonator Length (m) 10.3 18.5
A = (m*1)/ [m? 1, (ka)+Ij(mka)] ®) Beam aperture (mm) 6.2 6.2
F=1-Al (.ka) . ) Beam transport efficiency 96% 96%
V: accelerating voltage ; m: Depth of surface modulation
A :accelerating factor ; F: Focusing factor Full Power Test of SFRFQ with O" Beam
) BB | | To verify the feasibility of the SFRFQ structure, a prototype
£ " We can see from fig. 2, A & F cavity of about ~1m long was constructed. It goes through full
g0 limited with each other, and the ~ power test without beam and with O* beam injected atl MeV

energy gain from one cell is: as following.
AW=q-T-AVcos(¢,) , where T
- F0,05 .= transit time factor 7~n/4, while [hnut power(kW) Vane voltage(kV
S8 AX(0~0.65) in general . R R )
1 2 3 4 5 6 7 8 9 & 10 16 2 65 81
Fig2: A & F versus m 20. 7 73. 16
The schematic structure of a SFRFQ is as in the fig.3, the
accelerating field inside the diaphragms makes A=1, and time
transit factor T~1. While in the quadrupole field, we have F=1. 28.8 86. 22
However, at the backside of a diaphragm, there is a field of
. S . 33.3 91. 02
deacceleration. In order to minimize this effect, we have to :
enhance alternatively the length of one diaphragm to nearly fA/4 F \ H“
as can be seen in the figure 4. |

23.4 78. 06 Fig. 7 X-ray spectrum of full
power test with 26 MHz RF

power source without beam

“ » Q TRIPLET

k .l 3 L

Fig. 8 The Layout of the SFRFQ beam test

Fig 3: Diaphragms in SFRFQ  Fig 4: Asymmetry diaphragm system

; The result of the beam
B | test shows the cavity
mex_: il e | length is 50% shorter
FWHM=3.1% ! than that of traditional
RFQ even a part of
cavity is used for

o | rebunching. The
Fig. 5 Energy gain in SFRFQ Fig.6 A SFRFQ model ‘ ‘ enhancement of
The longitudinal field distribution & energy gain in such an , il accelerating

. . ) Aot efficiency for SFRFQ
asymmetry periodical diaphragm system and the practical ~ :
. . e is proved.

structure model are shown in figures 5 &6.To verify the feasibility fhe O b
and merits of this new idea, a code called SFRFQCODE was Fig. 9 Output Energy Spectrum of the O* beam

W=1.0 MeV




Mono-energetic ion beam generation in Phase Stable
Acceleration (PSA) with circularly polarized laser

Laser driven ion acceleration team

State Key Lab. of Nuclear Physics & Technology, Peking University, Beijing 100871, China

Introduction

Ultrahigh-intensity lasers can produce accelerating fields of 10 TV/m, surpassing those in conventional accelerators for ions by six
orders of magnitude [1]. Remarkable progress has been made in producing laser-driven ultra-bright MeV proton and ion beams in a very
compact fashion compared to conventional RF accelerators. These beams have been produced up to several MeV per nucleon with
outstanding properties in terms of transverse emittance and current, but typically suffer from exponential energy distributions. Recently a
new ion acceleration method, namely Phase-Stable Acceleration (PSA) [2], is proposed by our group, which uses circularly-polarized
laser pulses in order to decrease the energy spread and generate a high-intensity mono-energetic ion beam. In the first experiment the
quasi-monoenergetic carbon beams driven by a circularly polarized laser with particle energies of 30MeV and energy spread of 15% were
observed [3]. At a laser intensity of 7 X 10! W/cm?, self-focusing nano-Coulomb GeV proton bunches can be generated from laser foil
interaction in PSA regime [4].

Phase Stable Acceleration

Why a CP laser can generate a mono-energetic ion beam in the interaction with a foil [2]?

(a)

h Compressed (D)
- 1=18T, electron layer
Electron depletion /
region
Ny - -
E“.
N g
o
X
O d d+!S 1860 1880 1900
1400 1410 1420 1430 100X/
100x/2, g
Fig.1 (a) Snapshots of the spatial distribution of the electrostatic field; Fig.2 Phase Oscillation

(b) density profile in PSA model (laser intensity 6*10'W/cm?)

—;) 'l 2"”
Proof of principle experiments : | :

20 tnear " circular
The first proof of principle experiment was done at Max Born Em‘-_‘ "mhlr'zf“‘" _ §w‘ o _Pnl_mi
Institute and Munich University, Germany. The laser intensity is ey T e
5*10"W/cm?, pulse duration 45fs. Diamond like carbon (DLC) i)loo amonce [TID 80 i)m arben o [ZE33E
target with thickness of 5nm(Fig.5b) was used. In the first }j "ne:r““*“""" f e
experiment the quasi-mono-energetic carbon beams with particle zw pohrization { § 10 polarization
energies of 30MeV and energy spread of 15% were observed. It i &
shows the Phase Stable acceleration can generate quasi-mono- o E s e s G w sl To B 3 do s oo s %

energetic ion beam. . . . . .
Fig.3 Energy spectrum in experiments and simulations

Self-organizing nano-Coulomb GeV proton Table top proton therapy machine

l >(a) F
(b)

2|

Fig.4 (a,b) Foil deﬁsity evolution; (c) evolution o0f energy spectrum for beam
ions located inside the central clump ; (d) energy distribution of protons (the
colour bar gives ion energy in MeV). [laser intensity 7*102'W/cm?, pulse
duration 66 fs (FWHM) ]

Amplitude Technolo:
10Hz (7.5,

Arb.Unit

Fig.5 (a) Amplitude laser; (b) Diamond Like Carbon foil of 5Snm

Refel’ences thickness; (c) ion therapy

1. B. M. Hegelich et al., Nature (London) 439, 441 (2006).
2.X. Q. Yan et al., Phys. Rev. Lett. 100, 135003 (2008)
3. A. Henig et al., Phys. Rev. Lett. 103, 245003 (2009)
4.X. Q. Yan et al., Phys. Rev. Lett. 103, 135001 (2009)
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Affluent Future with Advanced Accelerator
Science & Technology

We can study
protein structures
by utilizing synchrotron
radiation techno log ies.
Scientific elucidation of their
structures would lead us to
epochal drug discover es.

An accelerator is
a big microscope. An
electron microscope is also
a type of accelerator that uses
an electron beam to illuminate
a specimen and creates a
highly-magnified image.

X-rays and
neutron beams allow us
to investigate conditions of
cracks inside walls and pipes, or
inner structure of an engine in
operation.

The Advanced Accelerator Association Promoting Science & Technology (AAA) has been
established to facilitate industry-government-academia collaboration, not only to obtain
scientific findings in the field of particle physics but also to promote and seek various
industrial applications of advanced accelerators and technologies derived from R&D on such
accelerators The AAA has designated the International Linear Collider (ILC) as its model
project: with advanced accelerator science and technologies the association aims to exploit
the “intellectual horizon” of humanity on various research fields (such as space, elementary
particles, material and life science), takes on new global-level assignments (such as medical
applications, energy and environment), and strengthens international competitiveness in
advanced science and technology. The Goal of the AAA is to establish a new form of system

to gain strategic cooperation from the multilateral collaborations among industry, academia

and government.

Inage of an Accelerator
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Group.
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Study Group

Ganeral Meeting
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Accelerators - We believe that new
manufacture diagnostic - particles will be discovered when
medicines for PET (Positron Emission “ultra-high energy collisions occur among

.t

Horerary Chakrman
e Koaica

Sciencp & Tectinoiogy! m’ﬁmm |

-, /" 4 Adisory Mesting Secrotrit )
- 2 — Tomography) technologies. X-rays or particle protons or betw een e kctrons and positrons.
indig Acadents D beans emitted from accelerators are also used Wl are expecting to reveal remarkable scientific

for cancer treatments. discoveries by studying those yet to be discovered

Basic Science
particles.

dustry
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& Technologies
— ’
Poton s~

Neutron

Promoting Advanced Accelerator Science & Technology with the
Industry-Government-Academia Collaboration

Neutano

@® Worldwide outreach about all the possibilities and significant
developments advanced accelerator technologies have to offer.

@ Seek directionalities on advanced accelerator R&D and proper ways to
handle intellectual property with the “ILC Project” as an underlying model.

@ Gather “Monodzukuri (manufacturing) technologies” from a variety of
industrial fields to create innovative scientific technologies.

the Leading Nation

Japan is recognized as the leading nation in the fields of
particle physics and accelerators worldwide. Japan has had
several Nobel Prize Laureates in Physics; Dr. Hideki Yukawa,
Dr. Sin-ltiro Tomonaga and Dr. Masatoshi Koshiba. And in
2008 three researchers were added to the list; Dr. Yoichiro
Nambu, Dr. Toshihide Maskawa and Dr. Makoto Kobayashi
This latest news about Japanese physicists receiving Triple
Crown Nobel Prize still sounds fresh to us.

KEKB remains the most powerful (high luminosity)
Electron-Positron (e*e”) accelerator in the world. KEK also

Spring-8 is one of the three largest synchrotron radiation
facilities in the world. J-PARC is also the world's strongest
multi-purpose proton beam facility. Today Japan has
a variety of accelerators that offer highly competitive
performances in the world. Besides building those
excellent machines in Japan, the latest Japanese
manufacturing technologies have contributed fully to
construct the world's biggest accelerator, the Large Hadron
Collider (LHC) at the European Center for Nuclear Research
(CERN) in Geneva, Switzerland.

had the proton accelerator which successfully completed
neutrino oscillation experiments for the first time.

Image of the International S
K\mll form an international science city filled with brlﬂm scientists, engineer:
ir families from all around the world.

Advanced Accelerators and Our Future

The quality of our lives would dramatically increase when compact and more efficient
accelerators are put into practical uses in research, industria and medical fields.

One day in very near future advanced accelerator technologies would produce
improved, compact and higher-performance machines, bringing us better lives.

International Linear CollidLr (ILC)

The International Linear Collider (ILd) will be the world's largest and strongest high energy
accelerator. The ILC will be an extremely precise system stretching approximately 40km in length
inside a linear tunnel deep underground. An accelerator hurls electrons and their anti-particles,
positrons, into a series of vacuumed syperconducting accelerator cavities that are surrounded by
very precise devices, and then accelerates them to nearly the speed of light toward the detectors;

finally, particles collide face to face at the center of the machine. The International Linear Collider
will give a new cosmic doorway to make discoveries on new philosophy of nature and to provide
answers to fundamental questions of all time by researching the origins of mass for all elementary
particles called “Higgs boson,” unknown substance which composes 23% of the total mass of the
Universe, “dark matter,” and “extra dimiensions” of space and time beyond four dimensions we are
living in.
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X-ray Free Electron Laser

XF E L PrOjeCt Pioneering a new generation of sciences for the 21st century

http://www.riken.jp/XFEL/

XFEL Heralds the Dawn
of a New Era in Science

SPring-8

RIKEN established the SPring-8 Joint Project for
XFEL to construct an X-ray free electron laser
(XFEL) in collaboration with JASRI*. The XFEL

will enable major progress in the structural analysis
of proteins and the development of new materials,

helping create new fields of science.

\, “Japan Synchrotron Radiation Research Institute

Vo
Milestones
2005 Manufacture of the 250 MeV prototype begins
2006 Success in laser oscillation of 49 nm UV rays in the prototype
2007 XFEL facility construction begins
2008 XFEL User Promotion Projects and User Projects open to the
Public
Future Plans
2009 Complete construction of the building housing the light
source and all related equipment
2010 Complete construction of experiment/research building
L 2010-2011 Achieve XFEL laser oscillation Open facility for use

. What is an
X-ray Free Electron Laser?

To date, it has been difficult to reach the short X-ray wavelengths
needed for microscopic observation at atomic resolution with
conventional lasers using stimulated emission or higher harmonics
generated by non-linear processes. One way of reaching the X-ray
region is to use free electrons in an accelerator to produce coherent
X-ray photons from electron-photon interactions in a long undulator.
N

Electron gun Accelerator Undulator

g W\ X-ray laser \.27

Free electron Synchrotron radiation

A beam of electrons is accelerated to 8 GeV - near the speed of light - and passes //
through a series of permanent magnets with alternating polarity called undulators. '
These sinusoidally deflect the electrons’ path with their magnetic fields, generating light.
This light and the electron beam then repeatedly reinteract in the undulator, generating

the free electron laser beam.

J ( )

XFEL New Sciences and Technologies to Create

Protein Structure Analysis

Structure analysis of protein molecules at atomic resolution clarifies their function,
thus creating products with new functions in
biology and pharmacy.

In particular, XFEL will have a capability of
imaging atoms as a microscope, and it will
show structuresof proteins which are difficult
to crystallize.

y .
Technologies for a
Compact XFEL

A compact XFEL has been attained by new technologies
developed in Japan. These technologies will also contribute to
its stable operation. Smaller facilities are generally more

cost-effective and take less time to complete.

Although XFEL facilities are under construction in the United
States and Europe, the length of the Japanese XFEL, 700 m,
is 1/3-1/4 of theirs. This reduction in size was made possible
with three unique technologies developed in the RIKEN
SPring-8 Center : a single crystal CeB6 thermionic
electron gun, a high-frequency (C-band) accelerator,
and an in-vacuum undulator.

Ultra-fast Observation

Femtosecond XFEL pulses @)Wh,h,
can probe ultra-fast - @ @i

movement of materials.

Chemical reactions can be filmed with short
pulses from XFEL. These pictures can be
used to better understand processes in

fuel and solar cells.

Thermionic R .
electron gun N Imaglng Technology

Coherent X-ray imaging using XFEL is a promising tool for
atomic-level resolution microscopy for various materials.
Our goal is high resolution imaging of live cells using

the extreme intensity and coherence
of the XFEL.
It will also be a powerful tool for observation

of specific cells, such as cancer.

&




Nishina Center for Accelerator-Baced Science

RIKEN Nishina Center

Rl Beam Factory Center for Nuclear Study,
most intense exotic Rlbeam — The university of Tokyo

RIKEN BNL Research Center ! R RIKEN RAL Facility Office

polarized proton beam colliding
High- speed lattice QCD computing

intense muon beam ‘

I Beam Factory!|

RILAC [RIKEN LINEAR ACCELERATOR)

Rl Beam Factory provides opportunities
to study the nature of unstable nucleiin
a wide range up to Uranium. Its
multi-step acceleration enables
acceleration of high-intensity heavy-ion
beams, and hence produces secondary
beams of unstable nuclei in a great
variety. The last cyclotron, SRC, weighs
8,300 ton, which is heaviest in the
world. The Rl Beam factory has
currently highest capability of
producing beams of unstable nuclel.




RIKEN

Rl Bea m Fa CtO ry — providing beams of unstable nuclei with world-highest intensity

xploration of the Limit of Existence

New methods of efficient plant breeding
by bombardment of heavy-ion beams
are being developed.

The pictures are examples
varieties of flower created.

of new

e Fragmentation
ght U fission & P.F,

Stable Nuclei
Unstable Nu Observed So Far

Isotopes created at RIKEN for the first fime.

Predicted region for existence of nucleus.

== Magic Numbers

e utrons

Exofic structures in heutron=
rich *Ne, 32Ne

by {irst reaction experiments
at RIBF in 2008,

* Path for synthesizing elements
up to uranium in super novae (prediction)

ther Research Highlights

Production of the new element 113

Beam fram RILAC Riken Linear
ACcelerator)

> ;

Incident Particle of Y o
In (Z=30) Target Nucleus ]
Zn Bi [Z=83) )
g /
'
Compound Nucleus
7113]

neutron
or=:

Cooled down
by emitting a neutron
.

Fusian Reaction Alpha Dacay
L

(production of a new element) /

4[111), alpha-decay daughter
of the element 113

\/

New flowers ‘

The new element with the atomic number 113 has been found
among reaction products created by the 70Zn+2%Bj interaction.
We are claiming the right to name the elements.

| by heavy-ion irradiation |
s

rose orchid
Kanagawa Agricultural
Technology Center

dahlia

Hiroshima City Agriculture,
Farestry and Fisheries
Promotion Centes.

verbena

SUNTORY FLOWERS Co. Ltd.

orchid archid

Mukoyama Orchids Co. Ltd. | Mukoyama Orchids Co. Lid.

orchid petunia (Surfinia Rose)

SUNTORY FLOWERS Co. Ltd.

New methods of efficient plant breeding by bombardment of
heawy-ion beams are being developed. The pictures are
examples of new varieties of flower created. Recent
development is for rice growing in salty water.

Mukoyama Orchids Co. Lrd.




1-PARC 50GeV Main Ring

[Intreduction

J-PARC (Japan Proton Accelerator Research Complex) is a new accelerator facility to produce MW-class high power proton
beams at both 3 GeV and 5o GeV. The Main Ring (MR) of -PARC can extract beams to the neutrino beam line and the slow-

extraction beam line for Hadron Experimental Facility (Hadron Hall). Civil construction of Hadron Hall was completed in
June, zo07.

Hadron Hall

Slow-extraction beam line
The slow-extraction beam line handles the beams of 3x10% protons extracted “slowly”

in about 2 second duration per 6 second accelerator cycle. The extracted beams are
transported to Hadron Hall and irradiated on the production target (T1) to produce secondary
particles (kaons and pions). The secondary beams are transported to experimental area for
nuclear and particle physics experiments. The beam "Switch Yard” has capabilities to separate
asmall portion (2% loss) of the primary beam and place a production target (0.296 loss) that
can provide test beams for future extensions.

Electrostatic Septum

*the most upstream device of the
slow extraction beam line.
*"shave"” the proton beam under a
high electric field(170kV/25mm)

i Production Target & Central Vacuum Chamber
between the titanium electrode

The production target(T1) :

B Beam Dump
ribbon and tungsten ribbon « nickel disks + Located at the end of the primary beam line.
+ diameter is 36cm + Absorb beam power of 750kW safely.
Radiation Hardness = thickness is sgmm(corresponds to 30% loss) + Core part consists of 40 oxygen free copper blocks(1000 tons).

+ To handle the high intensity proton beam, beam line = rotating in a water tank to remove the heat deposit ion + The copper core is cooled by water to reduce the temperature rise
components are designed to have enough radiation of the primary beam . (85rpm) up to 200 Celsius.
hardness. _ ; Vacuum Chamber: * Surrounding materials are concrete and iron blocks.
+ Design of working spaces, remote maintenance system = storage for magnets + Movable on rails — keep up with an extension of the hall at Phase I
and quick connection system have been developed. * no beam duct maintenance space :

T + water pipesand power cables are drawn out to the |
Radiation-hard Magnet SURP P i ’ i

x i o maintenance space.

+ Made of fully inorganic materials.

Jiron Blocks ‘
+ Lifting tackle which automatically locks

+ "Knife switch” - electrical connection system; up to 3000A
* Quick coupler

B

Production Target

and down

axis of rotation

ate rl‘_,'ulallul
water pipe -

Lifting

&
| T

Wat: Vacuum Electrical
Cnnnae:trion Connection Connection

RGIPM

Permanent magnet
Beam Monitor

+ Measure profile and intensity of the primary proton beam
+ OTR(Optical Transition Radiati itor) 2-

-, wall metal
*na balt sremote handling
=z inch. diameter sleak rate: 10°*Pa~mis
soperation with zMPa  slarge diameter: soomm Max. 3000A

Resent Results

First Beam Profiles measured with Screen Monitors

“F {q01in) 2{402in) | =75 (gitin) 4 (Toin)

207 jg1acut)

RGIPM Profile

The first beam from the Main Ring was successfully e;

g. The beam profiles are mea
with the OTR and RGIPM.



2\ & Ryunosuke Kuroda
\k ' 3 National Institute of Advanced Industrial Science and Technology (AIST), Japan
Infrastructure for Accelerator Science Laser Compton X-ray Source

: Application Space
pr : ALY AP X- ray detector
- Storage ring NIJI v A 3 :
Accelerator Facility at AIST = N —- -----
(located near KEK in Tsukuba, Jagag) ‘_‘ ) 4 C

Storage ring TERAS
Compton gamma-ray sourc

\
LY

o° Focus! R

g <— UVlaser ¥
_ 1)

and Com| act linac : !_4"" =P
ompton -ray source %
i Yy ¥}

‘:111'_ = S-band accelerating tube SchipmaticlaicEssic

Cs-Te photocathode rf gun

(.aser

8m

Principle of Laser Compton Scattermg Biological & Medical Uses
Interaction between high energy electron beam and high power laser =
Laser (1, [um] (EfeV]))

*Max. Energy(6=0)

E=2 y°E, (#=90) Electron beam
E=4 7, (¢=0) i 250
LCS X-ray source g? ray (2 (E))
o Thomson scattering:
Short pulse Scattered X-ray energy no electron recoil

*Energy tunability
+Quasi- monochromatic | | g — (1+ Bcos ¢ )E,
*Small source size
*Good directivity

Lumbar vertebra

izati - Electron beam
-Good polarization TW Ti:Sa Laser beam (CPA)
Wave length 200 nm || Electron Energy 20 ~ 42 MeV
“Compact system ...etc Energy/pulse 140 mJ || Energy spread o.2%

Pulse width (FWHM) 100 fs Bunch charge/bunch 1nC
F Beam size (5,)5,) 30 um Bunch length (rms) 3ps

We can observe the bone erosion of OVX mouse

- Many benefits! Quasi- hromatic X-ray Beam size (o, fo,) 40130 um Blood vessel which is the initial symptom of osteoporosis !

Collision angle {§) | Photon energy Pulse width Number of Photons Application to biological and medical research
B St { 90 ~20 keV (max) | 150fs(rms) | ~10%/s (max) @10Hz in-line phase contrast imaging, K-edge imaging
eam atus 0 ~ 40 ke (max) 3 ps (rms) ~107 /s (max) @10Hz (because of quite small size of X-ray source about 30~40 pm)

Global Commumcatton for Development of Accelerator Technologies

Advanced Key Technology

Superconducting Accelerator Technology

gestion International relationship
Sug

Europe

INFN ]
/ Daresbury i (3! !
é Kharkov Institute |

'\ FZD
for IEC or CLIC
CERN .
DESY
ORSAY

BNL
LLNL
ANL
' NRL
LBMNL

Vanderbilt Univ.
Idaho Univ.

| Tokyo Univ.
Waseda Unlv

Lyncean
Technologies Inc.
MXI Systems Inc.

Laser Compton Scattermg Technology

I suggest the ASIA group should make many relations in the > k } i o Hich dut :
development of LCS X-ray source and Superconducting Positron microprobe 1 tg uty
Accelerator technology with Europe group. analyzer at AIST clectron source

http:/www.aist.go.jp L AIST ke



Asia-Europe Physics Summit 23-28 March 2010

In 2000, CMS COLLABORATION HAD :
- LASER RESEARCH IN PAKISTAN 36 NATIONS; 160 INSTITUTIONS; 2008 Sc./Eng.
Chance Encounter in 1998

A CERN team visiting PINSTECH ( Pak. Instt. of Nuclear AND
Science and Technology), Islamabad in October 1988. The CMS / CERN
Team was looking for partners who could contribute to the
design and fabrication of parts and modules for the CMS
Detector. Dr. Shaukat Hameed Khan
Executive Director, SOPREST/GIKI Pakistan

The Team had some spare time. So they were also taken for a : e H :
visit to Optics Labs next door..... Former Chief Scientist / DG Optics Labs, PAEC

Optics Labs & CERN :

Collaboration became possible because
Optics Labs had some clear expertise

FOUR MAJOR CONTRIBUTIONS
Magnet Feet for CMS (Fabrication only)

It is the only dedicated and integrated laser lab of the
country, with considerable expertise in lasers, optics, and elec- 3
tronics. It is involved in research, teaching and - Resistive Plate Chambers (A bly & Test)

production for over 35 years. . Assembly and Test of Carbon Frames and

It houses excellent infrastructure in designing and fabrication RODS o TDBs
of lics ?.:. aﬁd modules Laser Based Position Monitoring System for

= :
g 4 - Tracker of CMS (design, fabrication,
Hence a Natural Partner for CMS installation)
Part of Int. Data Processing - GRID

Total Weight : 12,500 Tons; Total Length :~22 m
Diameter :~15m; Magnet : 4 Tesla
SC cable: 4.2°K, 20 kilo Amps, 27,000A/mmA2

Profile of the Laser Programme in Pakistan

Pakistan started a modest programme in lasers in June The Tracker has 40 laser based

1969 at the Atomic Eneray Centre, Lahore. This has grown| Position Monitoring Modules from > g:csei:;ve; sm;‘;%;;n i s ‘ﬁal ‘r’:;"a‘;;'::n
“ “ - . = Spatial resolution
over the years to become first.... “Optics Labs, “ ...which Optlcs Labs, Pakistan. i oo o e et i et

itself has given birth to (NILOP) National Instt. of Lasers

and Optics in Islamabad > Need to know where the detectors are w.r.t each other

>> over 600 professionals <<

- Build A Wide Array Of Complete Laser Systems
-UV to IR ( Solid State, Metal Vapour, Liquid, Gas )
-Pulsed (psec - nsec), Moderate Rep rates
-Fixed Frequency / tunable

Scale of the Problem
e WA §

Tracker Max. distortion @ R=1.2Zm : - 0.314 mm (top & bottom @

Required Precision

Vert. Position R Ré Z(pm) —
- Design and Fabricate: mm (um) { um)
-Optical Components / Modules / Systems 200 100 15 500

¥
-Optical Coatings o, = T00 300 15 500 )_,’
~Precision Mechanics / Electronics ? “r A - 1 1200 600 50 2000 2

“TA Ve}_y'SpeciéI Xmas Tree

Grow Laser Crystals / YAG / Saphire | GaN
A b e LA 2 The Laser Position Monitoring System was tested at

AR L ooty Soeatrosiopy g L 2007: Loading The Tracker inside CMS CERN;

= Atomic Clocks, BEC i 2 Can give precision of ~2 micron
® | aser Land Levelers for Farmers

SOME CLIENTS: Tracker Performance: Heart Of The CMS

Universities and Industry in Pakistan
TRACKER PERFORMANCE depends as much on
Europe (IFCA Spain; RWTH, Aachen, Germany ) e Doiatny Capabllityp

- R » Stability of the Structure ( Design... Materials ... Stiffness / Stability )
12 Years of Collaboration with CERN Very Very Heavy /LargeStructure. It moves / distorts due to: Gravity, Magnetic field, Temperature
P z Gradients, Differential E i .g, Si, Steel, Al, CF, rtz) ,
Some Contribution of Optics Labs : il SURia EXPENEIONE (6.0, 81, S i)

+Position Monitoring System of Detectors in the

Tracker, + work on Link with End Caps / Muon Chambers: Features of the Position Monitoring System Firethe laser:  Read the Laser's Centre of Gravity (COG)
Process Feasibility ]
= e — = 1 = Read the signal / laser position (c.0.g.) from
+Testing of Components for Radiation Damage The laser pulse produces Photonic |5\T s } ,--ﬁ---, each detector in turn
“Fabricated / Tested Prototypes for Performance photo-electrons in the Si. curve, Si T « One shot gives relative positions of many
-Convergence b_etwean the various Proposals from Germany, Laser also transmittad to Erves | g ﬁ : ;:t::::::::i::: instant
Hungary, Spain, Portugal and Pakistan other detectors if correct A, e . ? T~30% Thus Relative Positions can be continu-
3 Electronic read-out system | | ously Monitored
Have Supplied and Integrated 40 Modules z2me for high energy parti- 1
cles as well as the laser Only few tens of 1C A=1064

of charge allowed _| Diffraction from detector strips |

-Assembly of the Tracker Outer Barrel RODs ( T08

RODs) which are a self-contained assembly
+Design of Test Jigs /Processes for Individual Modules and L
RODs

«Installation, Validation, and Testing at CERN

Optical Compnents

» Only Rad-Hard materials usable.

! From Pakistan

4 CMS Magnet |
,~28T

Specs. of Optical Components ' ansponer

Fabricated & Tested Prototypes
Produced the Final Modules

¥

v

» nfluence: 4x10" ; yrays : 10 MegaRad ;Used the 10 MW
Pinstech Reactor

~

Studied 13 Diff. Glasses; 3 Diff. Opt.Cements; HR/AR/
Metallic Coating [ Some gl 1 i I had
not been studied previously ]

|-

Assembly and Test Setup
For Integrated Rods

-

Tests of adhesion / abrasion of coatings.

Stability of a large distribution

~

The "rod" is the self-contained TOB building black

7 P 11 COUM TR S L

e -u'" Completely assembled Rod:
= & - Electrical Test Setup for Lz <
! ; 12- < EecticlTeet Setuptor % & Dat. Modules Under Tast,




3 DARK MATTER

ILC-HiGrade or International Linear Collider and High Gradient
Superconducting RF-Cavities produces a small series of accelerating
cavities, superconducting components made of pure niobium for the
International Linear Collider. It also plans a possible organisation and
governance structure for the ILC as well as measures to prepare for
the construction of the machine, including a detailed study on possible
sites in Europe.

| |
HG i

Witness a scientific revolution! The International Linear Collider (ILC),
a proposed new particle accelerator, promises to radically change our
understanding of the universe — revealing the origin of mass, uncurling
hidden dimensions of space, and even explaining the mystery of dark
matter. Advanced superconducting technology will accelerate and
collide particles to incredibly high energies down tunnels that span
more than 30 kilometres in length. State-of-the-art detectors will record
the collisions at the centre of the machine, opening a new gateway into
the Quantum Universe, an unexplored territory where the very small
answers questions about the very large. From young graduate students
to university professors, more than a thousand scientists worldwide
are collaborating today to design and build the particle accelerator of
tomorrow.

Participating Institutes:
DESY (Germany)
CEA (France)
CERN (European Organization for Nuclear Research)
CNRS/IN2P3 (France)
INFN (ltaly)
Oxford University (United Kingdom)

How does the ILC work? Like any complex machine, the 31 kilometre-long accelerator is made up of several systems — each one an essential
component for launching particles at close to the speed of light. This step-by-step guide explains how the ILC works.

Two main linear accelerators (called linacs), one for electrons and one for positrons, each 12 kilometres
long, will accelerate the bunches of particles toward the collision point. Each accelerator consists of
hollow structures called superconducting cavities, nestled within a series of cooled vessels known
as cryomodules. The modules use liquid helium to cool the cavities to ~271 °C, only slightly above
absolute zero, to make them superconducting. Electromagnetic waves fill the cavities to ‘push’ the
particles, accelerating them to energies up to 250 GeV. Each electron and positron bunch will then
contain an energy of about a kilojoule, which corresponds to an average beam power of roughly 10
mega-watts. The whole process of production of electrons and positrons, damping, and acceleration
will repeat five times every second.

To produce electrons we will direct high-intensity, two-nanosecond light

pulses from a laser at a target and knock out billions of electrons per T
pulse. We will gather the electrons using electric and magnetic fields to
create bunches of particles and launch them into a 250-metre linear
accelerator that boosts their energy to 5 Ge\.

- Travelling towards each other at nearly the speed of light, the electron and positron
AY bunches will collide with a total energy of up to around 500 GeV. We will record
collisions in two

the

Positrons, the antimatter partners of electrons, do not exist naturally on
Earth. To produce them, we will send the high-energy electron beam
through an undulator, a special arrangement of magnets in which electrons
are sent on a ‘roller coaster’ course. This turbulent motion will cause the
electrons to emit a stream of X-ray photons. Just beyond the undulator
the electrons will retun to the main accelerator, while the photons will hit
a titanium-alloy target and produce pairs of electrons and positrons. The
A, positrons will be collected and launched into their own 250-metre 5-GeV
- accelerator.

In order to maximise the luminosity, the bunches of particles must
be extremely small. A series of magnets, arranged along two 2-
kilometre beam delivery systems on each side of the collision
point, will focus the beams to a few nanometres in height and a
few hundred nanometres in width. The beam delivery systems
will scrape off stray particies in the beams and protect the sensitive
magnets and detectors. Magnets will steer the electrons and

When created, neither the electron nor the positron bunches are compact enough to yield the high
density needed to produce copious collisions inside the detectors. Two 6.7 kilo-metre-circumference

work like gigantic cameras, taking snapshots of the fleeting particles produced
by the electron-positron collisions. The two detectors will incorporate different but

giant pariicle detectors. These positrons into head-on collisions.

damping rings, one for electrons and one for positrons, will solve this problem. In each ring, the
bunches will repeatedly traverse a series of wigglers, devices that causes the beam trajectories to
‘wiggle' in a way that makes the bunches more compact. Each bunch will spend approximately two
tenths of a second in its damping ring, circling roughly 10,000 times before being kicked out. Magnets
will keep the particles on track and focused in their circular orbits around the ring. Upon exiting the
damping rings, the bunches will be a few millimetres long and thinner than a human hair.

Find out more: www.linearcollider.org, www.ilc-higrade.eu

52 —

t to capture this precious information

about every particle produced in each interaction. Having these two detectors will
allow vital cross-checking of the potentially subtle physics discovery signatures.

SEVENTH FRAMEWORK
PROGRAMME



nd lon Researen FAAIR

The Universe in the Laboratory

Present GSI facility

Super conducting synchrotrons
SIS100/ 300

T NUSTAR The Facility

antiproton
storage rifil

Adjacent to the existing accelerator complex of
the GSI Helmholtz Centre for Heavy-lon
Research in Darmstadt / Germany, the Facility
for Antiproton and lon Research FAIR will
substantially expand research goals and
- technical possibilities.
Collector and
storage ring complex

High-energy and high-intensity beams of
~ Rare isotopes
» Cooled antiprotons
» Heavy ions

First beams expected in 2016

3,000 scientists from 45 countries

16 member countries

1.2 billion € construction costs

18 hectare site area

Research Programme

The research programme of FAIR includes 14 initial experiments,
which form the four scientific pillars of FAIR:

APPA - Atomic Physics, Plasma Physics and Applied Sciences
High-energy atomic physics, plasma physics, material research, and
bio (medical) science

Fundamental Questions
The Compressed Baryonic Matter Experiment CBM The FAIR Sci Q C
Experiments on dense, strongly interacting matter in high-energy and € cience Lase

high-intensity nucleus-nucleus- ollisions How does the complex structure of matter at all levels

arise from the basic building blocks and the

NuSTAR - Nuclear Structure, Astrophysics and Reactions ; :
fundamental interactions?

Nuclear structure and reactions, nuclear astrophysics using high-

intensity radioactive ion beams How can the structure of hadronic matter be deduced

from the strong interaction? In particular, what is the

The PANDA Experiment: Antiproton Annihilation in Darmstadt .
origin of the hadron masses?

Hadron structure and spectroscopy using cooled precision beams of

antiprotons What is the structure of matter under the extreme

conditions of temperature and density found in
astrophysical objects?

What was the evolution and the composition of matter
in the early Universe?

What is the origin of the elements in the Universe?

Member Countries of FAIR




Our Proposal

We propose the establishment of a new Inter-
national Beam Instrumentation Conference

(IBIC). Currently there are two major workshops
on beam instrumentation, the Beam Instru-
mentation Workshop (BIW) in North America, and
the European Workshop on Beam Diagnostics and
Instrumentation (DIPAC) in Europe. Herein, we
present a proposal for a new international beam
instrumentation conference, and introduce recent
discussions at KEK and SPring-8.

Recent discussions at KEK and SPring8

In late 2009, the DIPAC and BIW committees
began discussing the addition of an Asian instru-
mentation workshop and the creation of an
international conference.

KEK and SPring8 have accordingly initiated
IBIC organization activities. KEK and SPring8
held meeting on the IBIC via video conference.
We agreed on the following items:

1. KEK and SPring 8 should actively promote the
establishment of the IBIC.

2. KEK and SPring 8 should cooperate with
ACFA to promote the IBIC.

3. KEK and SPring8 will circulate a proposal for
the IBIC among Asian accelerator facilities.

Following these discussions, we have discussed
with the IHEP beam instrumentation group joint
promotion of the IBIC in February, 2010.

We propose that the first IBIC should be held
in Asia in 2013.




BESIII Experiment

Magnet yoke SC magnen: 17 i a large solid-angle magnetic specirometer at BESIII started physics run in 2009. Totally

about 100M psi’ and 200M J/psi events
have been collected., BESIII is running for
psi (3770) data taking now. Fruitful physics
results are coming on the searches of the
glueballs, hybrids and multi-quark states,
the systematic study of the light hadron
spectroscopy, the study of the charmonium
EMCICsI(TI)) : production and decays and the precise
RPC arranged in 9 layers in the measurement of CKM matrix elements.

_W”

for studies of Tau-charm physics.
¢ small-celled, helium-based, 43 layers,
wire reso: 135 m, dE/dx reso: 6%
: (TI) erystals arranged in barrel and two

Be beam pipe

BEPCII Energy 2.0-4.6 GeV

Procise meossremont
of CHM mertrix

Tast of Standard Model

| (tau-charm physics @ BEPCII/BESII )

beam energy: 1.0~ 2.3 GeV

Leptans| Quarks

New
Multi-quark states:> 3 quarks
Hybrid states: | qip. qoag.
Glueballs: (9o, 6o

= Clear charmonium state h, is observed at BESII In
w'—»nh_. The branching ratios of y'=sn®h, and
h=+ym, are measured for the first time,

|
L

i fooGos ain 015 o 035 00
nTheta MKIIl CBAL BESI BESIl CLEO BESII M- 2m(GeVie')

BESIII Collaboration
* ‘:f




neutrino experiment. Civil
n is expected in 2011.

Sensitivity in sin?20,; will be better than 0.01 at
90% CL with 3 years’ full operation, an order
better than existing limit. Green band shows the
Am? at 90% CL measured by MINOS.

Far site: 4 ADs
. . Overburden 350m

Automatic Calibration system 3 Fr : ) cores ~360m

Overflow Tank

Upper Reflector
Antineutrino Detector under

192 8” PMT [ g construction in the clean room

40 ton oil A of Surface Assembly Building
J
4-meter AV\IE
20 ton LS 5 oy . P o W/
\I.\) r i AT Y Near-far relative measurement greatly reduces systematic
3-meter AV : = ok - o). o errors. Identical ADs will be put at 3 sites, which are

connected by horizontal tunnel in the mountains.

20 ton Gd-LS o H ¢
O ‘.‘i

y-
Lower reflector ﬁv“v

5-meter SS tank

ADs are shielded by 2.5m thick water in a pool filled
with deionized water. Muon System consists of water
cherenkov detector and resistance plate chambers
(RPC). The combined muon efficiency is 99.5%

Antineutrino Detector (AD) is a SmX5Sm cylinder, filled with 3 different
liquids separated by acrylic vessels (AV). Gadolinium-doped liquid
scintillator (Gd-LS) is used as neutrino target. Each AD weighs ~110 ton.

Europe 3) (-9) Total 38 Institutes
JINR, Dubna, Russia
Kurchatov Institute, Russia M

Charles University, Czech

Underground
Experimental Hall

Asia (19) (~138)

IHEP, Beijing Normal U., Chengdu U. of Sci. and Tech.,
CGNPG, CIAE, Dongguan Polytech. U., Nanjing U.,
Nank: Shandong U., Shanghai Jiaotong U.,
Shenzhen U., Tsinghua U., USTC, Zhongshan U., U. of
Hong Kong, Chinese U. of Hong Kong,
National Taiwan U., National Chiao Tung U., National
United U.

United s (16) (~96) L
BNL, Caltech, U. Ci nati, George Mason U,
LBNL, Iowa State U, Illinois Inst. Tech.
Princeton, RPI, Siena Colleage, Berkeley,
of Houston, U. of Wisconsin,
ch., U. of Ilinois-Urbana-Champaign

o
Ik

e

o
i
4!"

i

Daya Bay.Collaboration




Studies of Heavy Ion Reactions around Coulomb Barrier

Part I. The breakup threshold anomaly of Be+208Pb,209Bi.

The threshold anomaly (TA) comes from the coupled-channels (CC) effects and
plays an important role in heavy ion reactions at the energies around Coulomb barrier.

How does the breakup of the weakly bound projectile affect the TA ?

AT
IR YR IFE (TR

W a

TiMeV)

I ]
E, [MeV)

The real and imaginary parts of optical

Elastic scattering angular distributions for the “Be+208Pb,209Bi potential for the two systems.

systems and the optical model fit with PTOLEMY.

Part II. An indirect method to extract the optical potential

. ) Reaction
# optical potential parameter OMP L ey B
# unknown for unstable nuclei -'(1“;% BeyE
# hard to extract from elastic scattering L 'I'II--J"‘('

Fit 208Pb("Li,’He)>*Bi angular distribution, extract OMP for ‘He+2Bi
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Agree with the result extracted from direct elastic scattering

Part III . The breakup effect on the 67Li+208Pb,209Bi reactions. |

1) Dynamics of both fusion and elastic scattering are influenced by coupling to direct
reaction channels (including breakup if the projectile and/or target nuclei are weakly bound);

2) These couplings generate a distribution of potential barriers;

3) Barrier distributions can be derived from the excitation functions of fusion and
quasielastic/elastic scattering.

Fusion suppression due to the breakup of ¢Li above the Coulomb barrier.

Y.W. Wu et al., Phys. Rev. C
68, 044605 (2003)

Breakup effect of weakly bound
nuclei
— 6.7Li+208Pp barrier distribution.

Excitation function | ee———p

6.7Li+208Pb quasi barrier distribution
— blue: T=I-R

—red: T=1-R-B

6.7Li+209Bi full fusion, black

X, T Barrier distribution is a probe for reaction
C.J. Lin et al. Nucl. Phys. A787, 281c (2007) dynamics and nuclear structure

Part IV. Sub-barrier fusion enhancement of 32S+90.96Zr at
subbarrier energies due to positive O, value neutron transfers.

0,<0 for all neutron transfer

0,>0 for In to 6n neutron transfer
- y

32849671

g—— ]
e

75 [} L]
EAMel)

Dotted line: single-channel
Dotted line: single-channel
Dashed line: coupled to inelastic states
Solid line: coupled to inelastic states
Solid line: coupled to inelastic states + neutron transfer

Part V. Competition between fusion-fission and quasi-fission in 32S+!84W reaction

1) Fusion-fission dynamics — Quasi-fission, Pre-equilibrium fission ......
2) Deformation effects in the entrance channels
3) Shell effects in the compound nuclei 32S+184W -> 216Th (N=126)

| g

L, (hevy

The fission fragments a_ngular
distributions of 32S+!184W

bbbt sishisiad
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Charge bt
The value of driving potential Z=16
for the small orientation angle 15 °
(solid line) and 45 ° (dashed line).
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The fraction of fusion-fission
and quasi-fission:

Part VI. Two-proton emission from 2°S excited states after Coulomb excitation.

Two-proton radioactivity: 1) Two-body sequential emission; 2) Three-body
simultaneously democratic emission; 3) 2He cluster emission and following breakup.

Decay Dynamics

of two-proton emission from excited
states

Invariant Mass,
=|p;-p,/2,the relative momentum,
6,,™ sthe opening angle,
the relative energy,

Three body models,
The extended R-matrix theory,
The Faddeev equations,

qPF

-proton correlation for 10.0MeV state of 2°S

9.6<E,<10.4MeV

The enhanced peaks at g,,,;=20MeV/c and 0 pp—33° According
to MC simulations (for three-body democratic decay, no FSI)
the branching ratio of 2He emission is 29 ! % .

C.I. Lin et al. Phys. Rev. C 80, 014310 (2009)

Excitation-energy spectrum of 2°S reconstructed from 2’Si+p+p events
N E={(XE) - (LR’ -M,

é : e where E; and P, are the total energy and the momentum
1 of each fragment including heavy ions and light protons,
M, is the ground-state mass of mother nuclei.

' z‘_’.n.u. N
The configurations (J *) of these levels are still unknown and information is not available in the
literature at all. The experimental excitation-energy resolution was estimated as 400 keV.



SuperKeKB & Belle Il Project

Big Success in KEKB & Belle 2008 Nobel Prize

2(4430)+
4-quark particle candidate

0°-D° mixing =
CP violation in

B meson system
B—+ 1 v decay

o Discovery in Belle

Direct CP violation B— p y decay
in B—+Kn decay

Integrated Luminosity (1/fb)

CP violation anomaly
in b-+s transition

2008 year

o

Peak luminosity (cfs' )

-
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Left handed Right handed Charged Hi in
Weak interaction Unknown interacti new physics
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d Muon detector
Scintilator snd MPPC  Batla_5 Belle Il

More RF sources
& RF cavities

Final focusi
quads near the IP

Central Drift Chamber
Small cells
L Longer lever arm Particle ID
’ Time-Of-P ation
exlmanga . Reragsi Hichl '2?“2,.

Silicon Vertex Detector
2 DEPFET layers
+ 4 DSSD layers

High Energy Accelerator Belle Il Super KEKB
Research Organization Collaboration Group
httpuwww.kek.jp http://belle2 kek.jp http:ifkekb.jp
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DARK ENERGY A .
- Witness a scientific revolution! The International Linear Collider (ILC), a proposed new par-

J J JFER 5 Y }.‘.f f ticle accelerator, promises to radically change our understanding of the universe - revealing
) il .'1E T R Y the origin of mass, uncurling hidden dimensions of space, and even explaining the mystery

J ” I F I E H T of dark matter. Advanced superconducting technology will accelerate and collide particles to

i U incredibly high energies down tunnels that span more than 30 kilometres in length. State-of-

4 _'{ FHD the-art detectors will record the collisions at the centre of the machine, opening a new gate-

' M way into the Quantum Universe, an unexplored territory where the very small answers

JHN T questions about the very large. From young graduate students to university professors, more
U M U than a thousand scientists worldwide are collaborating today to design and build the particle
N accelerator of tomorrow.

&

® ThelLC -the key components @ ] (] () L o ® [ ® [ ] () [ [

Like any complex machine, the 31 kilometre-long accelerator is made up of several systems - each one an essential
component for launching particles at close to the speed of light. These key components are being developed and tested at various facilities.

The linacs ® 6 o o o o o o © o o O © O ©o o o o o o ® @ Positrons

Two main linear accelerators (called linacs), one for electrons and - STF - Superconducting RF Test Facility The high-energy electron beam will go through undulator
the other for positrons, each 12 kilometres long, will accelerate the KEK's Superconducting [} magnets, which will cause the electrons to emit a stream of
bunches of particles toward the collision point. Each accelerator radiofrequency Test Facility X-ray photons. Just beyond the undulator the electrons will
consists of superconducting cavities, nestled within a series of ] (STF) is the Japanese ° ° return to the main accelerator, while the photons will hit a
cryomodules. Electromagnetic waves fill the cavities to accelerate B esearch base for titanium-alloy target and produce pairs of electrons and

the particles to energies up to 250 GeV. developing and testing the positrons. The positrons will be collected and launched into

lI - | superconducting cavities their own 250-metre 5-GeV accelerator.

and cryomodules.
® @ Electrons /
High-intensity, two-nanosecond laser pulses will hit a target W_,_.-)\ @L

o

® @ The beam delivery sysyems

(] A series of magnets, arranged along two
2-kilometre beam delivery systems on

. [ ] [ ] [ ] [ ] .. [ ]
¢ EXTRA ,’ Machine

Detector

The International Linear Collider () () ® o o ®

LN 5 = o

© and knock out billions of electrons per pulse, which will be Wi.-" ° each side of the collision point, will focus the
gathered to create bunches of particles and fed into a P beams to a few nanometres in height and a
° few hundred nanometres in width and steer

the electrons and positrons into head-on
collisions.

. . / AN
250-metre linear accelerator that boosts their energy to 5 GeV
N

e o o o o o o g ﬁ""‘

ATF2 at KEK
ATF2 is a prototype of
the ILC beam delivery
systems to test and
develop the optics to

The detectors

The electron and positoron bunches will collide with a total energy
of up to around 500 GeV. We will record the collision events in two

stabilise it to a
nano-metre level.

e ® o o o o o o interchangeable giant particle detectors. The two detectors will
incorporate different but complementary state-of-the-art
The damping rings [ ] [ ] [ ] [ ] [ ] technologies to capture this precious information about every

When created, neither the electron nor the positron ATF - Accelerator Test Facility particle produced in each interaction. LC-TPC Large Prototype Test at DESY
bunches are compact enough to yield the high

density needed to produce copious collisions inside 3

the detectors. Two 6.7 kilo-metre-circumference
damping rings, one for electrons and the other for
positrons, will make them more compact. Each -
bunch will circle roughly 10,000 times before being A\ B (]
kicked out. Upon exiting the damping rings, the KEK’s ATF aims to establish techniques to
bunches will be a few millimetres long and thinner produce stable ultra-low emittance beams.
than a human hair.

is now being tested at the te:
beam facility at DESY. The

adopted by the ILD detector
concept group.

International Collaborations: Towards the International Linear Collider () ® o [ ® (]
International Accelerator R&D Collaboration
o S1 Global o ATF/ATF2 International Collaboration

The object of S1 global is the demonstration
of two connected four-cavity cryomodules
operating at an average accelerating gradi-
ent of 31.5 Megavolts per metre (MV/m),
the design gradient for the ILC. Each cryo-
module will contain four dressed supercon-
ducting cavities stringed together, coming L a
from around the globe; two from Europe 25 overseas institutes,
(DESY), two from the Americas (Fermilab KEK, and 6 Japanese
and the Thomas Jefferson Lab National Ac- universities are participat-
celerator Facility), and four from Asia (KEK). ing in the collaboration.

International Physics and Detector R&D Collaboration

e LC-TPC Collaboration

e ILD Concept Team

About 700 people from 32

o countries and regions have
29 overseas institutes, KEK,  gsigned up the ILD Letter of

JAXA, and 7 Japanese Intent (Lol).
universities are participating
in the R&D of the ILC TPC.

Find out more: http://www.linearcollider.org

produce the nanobeam
and the technologies to

r - Alarge prototype of the Time
(BN | Projection Chamber (TPC) for
| tracking the charged particles

st

TPC technology has been as




PARTICLE & NUCLEAR PHYSICS AT J-PARC

Explore History of the Universe and Formation of Matter

Megumi Naruki for the Hadron Facility Team

INEF ==
\= l// >

atom

big bang qus{al(S?]!‘léon nucleons form nuclei form atomsform  firststars form  Birth of the Earth

time 10%s 107%s 3 minutes 3x105years 109 years 10 years .
nucleus — electron

| _ Matter-Antimatter Asymmetry
Why matter dominates over antimatter?

Structure of Hadron
> How strong is the strong force, especially - neutron
between quarks inside a hadron?
Origin of Mass 8
o @ By what mechanism is hadron mass generated?
w K+

_Origin of Nuclear Force

N . 2
Hadrons Can be described with the words of QCD? Quark Model

*Meson (r, K...) Hadron can be described as bound states of quarks.
*Baryon (proton, neutron, QCD (Quantum ChromoDynamics)
strange baryon;A,Z, ...) describe strong interaction between quarks.

NEW VIEW OF MATTER PROBED BY KAONS
e N

Strangeness Nuclear Physics
New type of hadron/nuclei that has new quantum number :
Strangeness
With the high intensity kaon beam, various physics programs are planed
to research new hadron/nuclei which has strangeness at the Hadron
Experimental Hall.

Inner Structure of the Neutron Star

8
3D Nuclear Chart Eos experiment : observe E hyper
nuclei for the first time with high

\  resolution and high statistics, ) 4 Broken Symmetry

&ertermlnethe binding energy and life. CP violation &T violation
The universe is composed of matter, rather
KT8 i — than anti-matter. The study of CP violation

(Fall,2009~) ' | may explain the asymmetry.

K1.8BR
(¥an.2009~)

Ea4 @ search for K, —m°vv to study
| CPviolation in neutral Kaons. New
\._physics?

Origin of Mass
if the hadron mass is generated by the spontaneous
breaking of the chiral symmetry, it would be
decreased at high temperature/high density.

clei hyper-nuclei
nuclei Pn

ble
E16 : measure the mass
of ¢ meson in nuclear
medium.

archifor the-stiange velocity /size dependence

syon system-(ppKk), “ of mass modification.
whichcould:be:
extiremely dense matter.

E1g : Search for New Hadrons

| . : - RIERIELES search for new hadrons beyond the

. . i approach the QCD conventional barvons to observe mass
| at non-perturbative Y modification of ¢

regime. \  meson.

E325Result:

Re S e n t Re S U |tS Successfully confirm the Kaon production at all secondary beamlines. K, production

at KL beam line
The tuning for the beamlines is now ongoing!

Secondary particle production
at K1.8BR beamline Kaon Enhancement
atdouble-staged K1.8 beam line

il 0 (0 SO0 10000 |
KO =T T M, (M
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Research Center for Nuclear Physics foundedintom

*User based research center for nuclear physics
H H *1973 AVF cyclotron (80 MeV proton and light lon)
Osa ka Unlvemltv +1991 Ring cyclotron (400 MeV proton and medium ion)
*1997 Oto Cosmo Observatory (underground science)

RCNP ABRRA '? ¥ ébﬂzﬂ‘ﬁ .oy - +2000 LEPS @SPring (~3 GeV photon, Hadron )

http://www renp osaka—u.ac JP/ +2010 Research Center for Subatomic Science (6 years)
| Cyclotron Facility (Suita Campus) JRUNeR® [ Research Highlights at the Ring Cyclotron

Neutron source

RING Cyclotron
100-m Long . — "NitHega420Mev  World Highest E-Resolution Spectrometer
Time of Flight “Nifp)at 160 MeV for Nuclear Structure and Reaction
Neutron -Giant Resonances and their decays

Spectrometer *Nuclear Matrix Element (3 decay)

*Nuclear Force:

Counts'ch

- Three body force
- Tensor Force
o 2 4 [] 8 1 12 14
Excitation Energy (MeV) 80 4 MeV 80 — 30 4 MeV

World Record (2008):
~—* 15 (70) UCN/cm?
at E_=90 (250) neV

users

~300/year i ¥ . F2Si Araw
1] S0 100 150 20 (5)
abroad s ’ . r UCH for Studies of RI-Beam for Studies of
_ : ] ) D Nuclei far from stability.
40/year Grand Raiden Spectrometer AVF eyclotron bl ornde, Tl Jes Nucleo-Synthesis in Universe
|LEPS Facility @ SPring-8 [ Research Highlights at LEPS |

Pentaquark State?

Meson-Baryon
Molecule State?

Laser

Electron -

Photon at ¢ E ;I A(l 405) : : RN thres

SPring-8 i ? b 1 in i@
» i . i 41(1405) |

f{fﬁ e*in w—K'Zx l., b }ﬂ

. fl Yo | }d—’k+K'pﬂ M} | “f] | {
¥y TR : T u;.|| | i||vL
L b P nl _'.I.".l

T. Nakano et al.,
Phys. Rev. C79, 025210 (2009)

SPring-8;
8 GaV electron storage fing
100 mA =

-

LEPS users

~70/year
= = . M. Niyama et al.,
. e _ abroad ‘s | T Mibe et al., PRC78, 035202(2008)
racton Région = Setclr S |PRL9S, 182001(2005)

20/ .y, W C. Changetal,
= &, ow PLB686, 6(2010)

Experimantal Hutch o

ear

10 20m

Quest for Signals beyond the “Standard” Model

1 CANDLES MUSIC

u Storage Ring (FFAG) wi Phase Rotation System

(curved salenaid)

Q ":".* @ _ uTransport Line

- %‘ z
s WV
a jl! m N *‘"‘  Proten Beam |
- 7 Capture Sys.

e -
— CaF, w/ PMTs

Upgrade of LEPS for

Hadron Photo-production . R&D for p-e Conversion Exp.

Neutrinoless B Decay

Spectroscopy Charged Lepton Flavor Violation
Exotic Hadrons reveal Ifv=v, “Ca—"Sc+2e ' : :
Mechanism of - Br(u +'Z = e +'7) “ﬂ“
How Quarks are Confined in Hadron Why quarks >> antiquarks ! ﬂﬂ
How Hadron Mass is Generated (matter>>antimatter) Sensitive to New Physics ()
(Chiral Symmetry Breaking in QCD). in Universe? (New Elementary Particles) [



Neutrinoless Double Beta Decay Experiments
and
Leptogenesis Scenario of Early Universe

Nobubhiro Ishihara, for the DCBA collaboration
Institute of Particle and Nuclear Studies (IPNS), KEK, High Energy Accelerator Research Organization
1-1 Oho, Tsukuba-city, Ibaraki, 305-0801 Japan E-mail: nobuhiro.ishihara@kek.jp

Abstract: Neutrinoless double beta decay (Ovfp) takes place only when neutrinos are Majorana neutrinos that have the nature of
no distinction between particles and their own anti-particles. Majorana neutrino plays important role in the theory called Seesaw
Mechanism, in which a left-handed Majorana neutrino (LMN) can obtain its mass independently of a right-handed Majorana
neutrino (RMN). The product of two masses of LMN and RMN is equal to a Dirac particle mass squared. Therefore, when the
mass of RMN is extremely large, the one of LMN naturally becomes very small. The LMN is considered as known neutrino
weakly interacting. In the Leptogenesis scenario, heavy RMNSs have been produced in early universe. The heavy RMNs can
asymmetrically decay to leptons over anti-leptons. This is the reason why the present universe is filled with matter without anti-
matter. Observation of OvB would be evidence of Seesaw Mechanism and Leptogenesis. The R&D of tracking detectors for OvBf
are developed at KEK and in Europe under the program of France Japan Particle Physics Laboratory (FJPPL).

Neutrinoless Double Beta Decay (0v[3[3) Seesaw Mechanism

Lepton Number Violation Process

_ Right Handed
AL=2 V=V ght Bt
ML verton 5 Heavy Majorana
[ \ _mp Left Handed Neutrino
m,="L<04eV . .
m, Light Majorana \
Neutrino
E Mixing matrix
1 W- w- Maki, Nakaga.lwa, Sakata Yanagida
(MNS Matrix) (1962) Gell-Mann, Ramond, Slansky
Nucl :)*:( Nuclear Process }=>: Nucl’ o o 1 (1979)
1/2 2 Mohapatra, Senjanovic
+ ]
(A, Z) A: Mass.number (A, Z+2) M gg Minkowski
Z: Atomic number 2%
(From Boris Kayser at APS — IPS meeting at Hawaii, Oct. 13, 2009) ~10 y .
: : 3 Leptogenesis
Effective neutrino mass: a5 = |Z mU | ~0.05eV N would have been made in the hot Big Bang
(N> H)#T(N—>I"H")
0vBp Experiment DCBA at KEK Fukugita, Yanagida (1986)
(Drift Chamber Beta-ray Analyzer) 2vBp event
DCBA-T2 Baryon Asymmetry
1—- x Source plate
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Nuclear Structure at High Spins

Nuclear structure at high spins possesses many new features. Among them the quasi-particle alignment, magnetic rotation, coexistence of
electric, magnetic and chiral rotations, chirality, critical point symmetry, etc are of particular interest. We have performed a series of
experiments at the HI-13 tandem accelerator in CIAE to investigate the nuclear structure at high spins. Here some examples are presented.

1. Electromagnetic properties of chiral twin
bands in 13°Cs

Spin ()
PR I S I A A )

u yrastband (exp.) s side band (exp.)

The lifetimes of high spin states of the 1 o yrastband the) = side band )
chiral twin bands in 13°Cs populated by s
the reaction 124Sn ('1B,5n) 13°Cs were i

measured using Doppler Shift ’
Attenuation method (DSAM). The '
reduced transition probabilities B(M1) °
and B(E2) were extracted as shown in

the figure. Besides the identical level A \
energies, the B(M7) and B(E2) values o SN
of both side and yrast bands are

identical and consistent with the ones ’;
calculated with a Particle-Rotor Model
including chiral rotation, indicating
good chirality of the two bands at high
spins in 13°Cs. o M

]
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2. Coexistence of electric, magnetic and chiral
rotations in 15Ag

The high spin states in 1%6Ag were populated via the reaction
100Mo(11B,5n)1%6Ag and more than 30 new Y transitions were
observed and assigned as shown in the figure. The electric, magnetic
and chiral bands were observed simultaneously, illustrating the
coexistence of electric, magnetic and chiral rotations in 1%Ag. The
yrast and yrare bands are possibly the chiral twin bands.

Chiral rotational twin bands

4. Quasi-particle alignment

Quasi-particle alignment was investigated at high spins in a mass
region of A=80 by g-factor measurements using the TMF-IMPAD
technique. The high spin states of the ground state rotational band in
82y, 83y 84-867r and 85Nb were populated by the fusion-evaporation
reactions. The Cranking shell model and the particle-rotor model were
also used to calculate the g-factors for 8Zr and 83Y and for 82Sr,
respectively. Proton and/or neutron alignments were observed in these
nuclides, which lead to different patterns of g-factor variation with spin
as shown in the figures. It can be seen that the quasi-particle
alignment depends on the proton and neutron numbers. For the
nuclides of Z=40 neutron alignment follows proton alignment in 84Zr
and 85Zr, while proton alignment follows neutron alignment in 8¢Zr and
85Nb. For the nuclides of N=44 the proton aligns only in 82Sr and
neutron alignment follows proton alignment in 83Y and 84Zr.
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5. Magnetic rotation

Magnetic rotation, a novel mode of nuclear rotation occurring in nearly
spherical nuclei, was studied through g-factors measured by the TMF-
IMPAD technique for the magnetic rotational band built on the 17/2- state
in 85Zr. The figure illustrates the measured g-factors together with the
calculated g-factors and shears angles ¢ between the proton and
neutron angular momentum vectors and the angles ¢ z and ¢ v of the
proton and neutron angular momentum vectors with respect to the total
angular momentum vector, respectively. The calculation was performed
based on the independent particle angular momentum coupling
assumption. The decreasing of both g-factors and shears angles with the
spin increase clearly demonstrates the shears mechanism of step-by-
step alignment of valence protons & neutrons in magnetic rotation.

shear angle
angle between proton and total spin

6 iz . angle between neutron and total spin
2 s " 60
s o 3
L % ° £ :Z Zr
N ! B —_—
85 90 95 100 105 110 115 85 9.0 95 10.0 10.5
Spin | Spin 1
3. X(5) critical point symmetry in 76Os =
RDM
176Q0s is a good candidate nuclide with X(5) critical point symmetry. & DSAM
The lifetimes of the spin above 10+ states in 760s populated by the 15 |- Leot U5)
reaction 152Sm(28Si,4n)1760s were measured by DSAM. The figure "
shows the transitional quadrupole moments Q, deduced from the . _,.-"
presently measured lifetimes and the lifetimes of the spin below 10+ Bof ,.-".
states measured previously by RDDS together with the Q, calculated o - I, - = X(5)
based on the X(5) prediction and the IBM U(5) and SU(3) limits. It ,--"-||+_+'| -
could be concluded that 760s nucleus keeps an X(5) critical point 5} ]
symmetry until 10* state. Above the 10* state the transitional
quadruple moments suddenly drop and are saturated at the values of
the IBM SU(3) limit, indicating that 1760s behaves as an axially o 3 7 35 55 55
symmetric rotor as the spin increases. Spin ()
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A. Limphirat, C. Kobdaj*f, K. Khosonthongkee**, P. Suebka**, Y. Yan**

Her Royal Highness Princess Maha Chakri Sirindhorn

*School of Physics, Institute of Science, Suranaree University of Technology,
Nakhon Ratchasima, 30000, Thailand
"Thailand Center of Excellence in Physics, Commission on Higher Education, Bangkok, 10400, Thailand

Pictures from CERN PhotoLab

Her Royal Highness Princess Maha Chakri Sirindhorn of
Thailand has visited CERN 3 times in year 2000, 2003
and 2009. Her interests have led to the selection of Thai
teachers and students to participate in CERN’s summer
student programme and physics high school teacher
programme. Her gracious patronage has been appreciated
by physics community in Thailand.

- ~ the country. Evidently, there has been substantial growth of
= physics research in Thailand since 2003. The center aim is to
. I Ll enhance the quality of teaching and research in physics
T T 1 ! | ! among Thai universities and support local industries with a

B T supply of well-prepared graduates and innovative ideas.

Subject Area: Physics and Astronomy

The Thailand Center of Excellence in Physics, ThEP Center,
is a collaboration of more than 12 Thai universities around

Suranaree University of Technology (SUT) is Thailand’s first autonomous
state university. SUT has served as one of the nation’s leading research
universities with particular strengths in science and technology. The
university campus is located in Nakhon Ratchasima province, only 250 km
from Bangkok. The school of physics was ranked first among all
universities in Thailand by the Thailand Research Fund (TRF) in year 2008.
The research group in physics currently being conducted at SUT are
Condensed Matter Physics, Nuclear and Particle Physics, Synchrotron
Radiation Physics, and Lasers Technology.

oh Rafchasima

APFB 2005

The Thivd Asia-Pacific Conference an Few-Body Problems i Physics
Nakhon Hatchasima, Thailand
duly 25-29, 2008

Past Activities: The third Asia-Pacific Conference on Few-Body Problems in
Physics (APFBO0S5) was held from July 26 to 30, 2005 in Nakhon Ratchasima,

The Nuclear and Particle Physics Research Unit was founded in year 2000. Later in 2007,
our group has joined the Research Center in Computational and Theoretical Physics which is
financed by the Thailand Center of Excellence in Physics (ThEP Center). We have strong
collaborations with forefront physics institutes in Europe, North America, and China. The
following is a list of the research projects currently being conducted.

1. Hadron physics which include hadron interaction, exotic atoms, chiral perturbation theory
and chiral quark models. In this area, we have collaborated with groups from University
of Tiibingen, GSI from Germany, TRIUMF from Canada and Institute of High Energy
Physics (IHEP), China.

B9 o=k Bl oo Gl &

2. Heavy ion collision based on the QMD and UrQMD model to study hypernuclei,
kaon and sigma meson production with exchange visits from Johann Wolfgang Goethe
Universitit, Germany and China Institute of Atomic Energy (CIAE) Beijing, China.

- UNIVERSITAT -
RANKILIAT AM MAIR

3. Lattice QCD to extract information about
gluon and ghost propagator in Coulomb
gauge at zero and finite temperature. In this
topic we have collaborated with a group
from University of Tiibingen, Germany.




Cherenkov Telescope Array

A global endeavor for astronomy and particle astrophysics
with very high energy (VHE) gamma rays

Astronomy and particle astrophysics Detecting VHE gamma rays
with very hlgh energy (VH E) gamma rays When highly energetic cosmic particles hit the
The universe is a unique laboratory to study fundamental physical processes at atmosphere, cascades of relativistic particles are
extreme energies, well beyond any energy scale that can ever be reached with generated. They emit faint flashes of Cherenkov
accelerators on Earth. Gamma-ray astronomy at Tera-electronvolt (TeV) energies light with nanosecond duration. Large telescopes
uses this laboratory, to address issues such as focus the light onto fast photosenor arrays.

« Investigation of the most energetic processes in the Universe Stereoscopic observation with several telescopes

« Understanding the cosmic particle accelerators is the state of the art. They allow the

« Mapping the energy density of cosmic rays in the Galaxy determination of the properties of the primary

« Probing the environment of black holes and neutron stars particles with high accuracy. Gamma rays coming

« Cosmology and the history of galaxy formation from sources can be identified and used to

« Probing the validity of fundamental physics laws at extreme energies investigate the source properties.

* What is the origin of Dark Matter ?

CTA : a quantum step for particle astrophysics e o

The great success of the current generation instruments (H.E.S.S., MAGIC,
CANGAROO and VERITAS) has demonstrated the great potential of the young
field of TeV gamma-ray astrophysics. In order to fully exploit this potential, the next

Possible layout of the
Southern array of CTA, ™
combining telescopes of 6, ]

generation instrument CTA aims for providing a significant improvement in all 12 and 24 m dish diameter & s
performance characteristics: (not to scale) 3 ™
« Factor 10 higher sensitivity at TeV energies ) & -
» Energy range extending from some 10 GeV to some 100 TeV = ) s -
« Improved angular resolution down to 1-2 arcmin 8 - -
« Factor 5 - 10 higher detection rates " ¥ 8 ) o
« Improved survey capability and full-sky coverage S L
2 S 0
In order to achieve the envisaged performance, about 50-100 telescopes of - S 2 b N
different sizes, distributed over an area of >1 km?2 will be needed. The array design ] @ £ a
has to be optimized for reliability and remote robotic operation.
(] -] - -
a ] 2 K
The Galaxy viewed in gamma rays CTA design: facing the challenges

The development of cost effective, high performance components for the CTA
telescope array is a major technological challenge. Examples are:
« Construction of 50 — 100 optical telescopes with dish sizes of ~6, ~12
and ~24 m for robotic operation with maximum reliability
« Production of ~ 70 m2 photo sensitive area with nanosecond response
« Development of high speed cameras with >100 000 electronics
channels to be operated in a rough environment
« Development of production techniques for 10 000 m?2 focusing mirrors
« Data handling of up to 50 GByte/sec

CTA will have by far the best angular resolution of any type of gamma-ray The CTA consortium curreptly meets these challenges in a‘Design Study that is
instrument. It will therefore for the first time allow to resolve structures of Galactic jointly performed by all major European groups, together with Japanese and other
emission regions on parsec scales and act like a “microscope” for cosmic international groups, and in cooperation with industry.

accelerators. (Figures: sky-map of the inner part of a simulated Galactic plane as

it would be visible with current instruments and with CTA). It is expected that CTA 3

will discover more than 1000 TeV-gamma-ray sources - galactic and extra- f

galactic - a factor of >10 more than are detected with current instruments. s o 1

CTA as an observatory with full-sky coverage will have two sites, one in the - . s =

Northern and one in the Southern hemisphere. They will be jointly constructed Development of new Development of micro- Design of telescope

and operated by one international consortium and use the same technology. production techniques electronics and photon structures; concepts for
for mirrors detectors safety and robotics

Tentative timeline towards the CTA observatory CTA as a global endeavor

The CTA observatory as world-class research infrastructure will be open to the

scientific community. The project directly involves more than 500 scientists from over

06 |07 108 |09 |10 |11 12|13 14 120 institutes worldwide. CTA is top ranked in the roadmaps of ASPERA and
Array layout ASTRONET for future projects in particle astrophysics and astronomy. CTA is
Telescope design s% iFr;cIudedr:nI t?e 2t008t upda(tgso;g;;s roadmap of the European Strategy Forum on

2 esearch Infrastructures b
Component prototypes || [ ] % I I
Telescope prototype P ’Ol‘o[y — e =
Pe

e P - wm Il 4+~ —— 2= == = £3
Partial operation ‘ ‘ I I — E h - E — E °-

Cherenkov Telescope Array The First Asia-Europe Physics Summit

; p . ” www.cta-observatory.or
“Physics towards Science Innovations R
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INFN and Lecce Universit
INFN and Napoli University
INEN Section of Napoli and University of Salerno

e ompmnanos | e Yan g BaJdin g International

China Meteorological Administration
Hebel Normal University
Institute of Technology
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National Institute of Information

Tokyo Metropolitan College of Aeronautical Engineering
Utsunomiya Uy

Waseda University

Vokcohama National University

The observatory is located at 90°26'E and 30°13'N in Yangba]lng (YBJ) valley of Tibetan highland, about 90KM NW of Lhasa, the capital city of Tibet, China. Currently, the YBJ observatory

hosts two cosmic ray experiments. One is a Sino-Jap b ion called ASy, a sampling detector with 400 m? sensitive area covers an effective area of about 40,000m? and has been
operating since 1990. Another one is a Sino-ltalian experiment called ARGO-YBJ, a “full coverage” carpet detector with a very large sensitive area of about 6700m2, and has been in operation
since 2006.

ASy uses scintillation counters and ARGO-YBJ uses resistive plate chambers (RPCs) to detect the arrival times and number densities of the secondary particles, with which the original
direction and energy of the cosmic rays can be determmed Both experiments study the origin and acceleration of cosmic rays by measuring the spectrum and anisotropy of cosmic rays, by
observing the TeV y rays emission etc. As a d , ASY has a threshold energy of a few TeV while ARGO-YBJ can significantly decrease the threshold energy down to a few
hunderd GeV. The two experiments have the advantages of hlgh duty cycle and large field of view, which make them particularly suitable for sky surveys and observations of sporadic sources.

In addition, YBJ observatory is equipped with a neutron monltor system, a neutron telescope and a multi-di i | muon tel; pe for solar ic rays observation. Various sensors are
installed for thunderstorms, meterologic and sei y, one sub pe from Delingha observatory in QingHai has been moved to the site for astronomic

observation. It is also planned to install a second telescope coming from Germany.

Sino-Japanese AS ¥ italian ARGO-YB.

3TeV,~2X 10"'events

Solar neutron telescope Neutron monitor Multi-directional muon telescope

(IHEP, Nagoya University,RIKEN) (IHEP, Nagoya University,RIKEN) and sandwich neutron system ARGO hall with carpet of RPCs Resistive Plate Chamber

 —
Ihiim.

Aan
Corner reflector for  gyb.mm telescope  The KOSMA 3m Sub-millimeter
crust deformation from Delingha telescope will be installed at ARGO-YBJ images moon’s shadow Te:: :b':;svz;ol')“ tx;gz)lz‘r{‘;gula
) ing (IHEP y (IHEP YBJ observatory (IHEP&NAOC) Y
Proton/Helium spectra and sharp knee by ASy & China Earthquake g MPO)

(Phys. Lett. B 632, 58-64 (2006); Administration )
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Instruments for atmospheric and
meterologic observations ( IHEP &
Institute of Atmospheric Physics,CAS )

Anisotropy and Corotation of Galactic Cosmic Rays by Tibet ASy (Science314:439-443,2006)
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ALMA

Atacama Large Millimeter/submillimeter Array {=

o~
ALMA

Astronomical Observatory Closest to the Universe
ALMA (Atacama Large Millimeter/submillimeter Array) is
under construction in the Atacama Desert at an altitude
of approximately 5000 meters in northern Chile. The
annual rainfall of the area is less than 100 mm, and the
sky is always clear almost throughout the year. In the
Atacama Desert at high altitudes, incoming radio waves
are less susceptible to absorption by terrestrial water
vapor and thus we can observe radio waves at relatively
shorter wavelengths (at higher frequencies). Combination
of these favorable conditions opens the way for the
submillimeter observations with ALMA. A flat and wide
space of the Chajnantor Plateau is also perfect for the
construction of a large-scale array.

ALMA Telescope

—Gigantic Eyes Looking Far Out into the Universe-
ALMA is a gigantic radio interferometer array with 66 parabola
antennas. ALMA consists of fifty 12-m antennas and “Atacama
Compact Array (ACA)" which is composed of four 12-m
antennas and twelve 7-m antennas.

By spreading these transportable antennas over the distance
of up to 18.5 km, ALMA achieves the resolution equivalent to

a telescope of 18.5 km in diameter, as a telescope with the
world’s highest sensitivities and resolutions at millimeter and
submillimeter wavelengths.

ALMA started its construction in 2002, and will start its regular
science operation from 2012.

“ALMA” means “soul” in Spanish (the official language of Chile).

Millimeter and Submillimeter Waves
Electromagnetic waves are divided into several classes
according to their wavelengths. Light visible to our eyes
is a kind of electromagnetic waves called “visible light.”
Radio wave closest to infrared rays (at the shortest
wavelengths) is called “submillimeter wave”
(wavelength: 1 mm to 0.1 mm, frequency: 300 GHz to
3 THz) and the second shortest radio wave after
submillimeter is called “millimeter wave” (wavelength:
10 mm to 1mm, frequency: 30 GHz to 300 GHz).
Subaru Telescope observes the universe at infrared
and optical wavelengths.

We cannot observe dust and gas in the universe with
optical telescopes because they are very cold (down

to -260?C) and do not emit visible or infrared emission.
However, with a radio telescope, we can observe such

Global Collaboration

ALMA s a global collaboration among the National
Astronomical Observatory of Japan on behalf of
East Asia, National Radio Astronomy Observatory

on behalf of North America, and European Southern
Observatory on behalf of Europe. The Republic of
Chile (host country) also participates in the ALMA
project by providing land and cooperation for the
construction and operations of ALMA.

The ALMA Project was launched in April 2001

by uniting three different projects of three institutes
Developing three projects into one global partnership
led the way to the joint construction and operation of
a high-precision gigantic telescope that is difficult to
complete for a single institute in terms of resources
and costs. Also, cooperation among East Asia,
Europe, and North America, sharing tasks in their
respective field of expertise, brought about enhanced
performance of the telescope.

Japanese Contributions

In global partnership among three parties,

Japan is responsible for the development of 16
ultrahigh-precision antennas, collectively called

“ACA (Atacama Compact Array)” which is located
near the center of the 66 antennas, as well as that

of three receiver bands (frequency bands) including
submillimeter band (terahertz band) whose

de is to be difficult.
ALMA is capable of observing millimeter/submillimeter
waves at wavelengths from 0.3 mm to 10 mm, and
we will manufacture receivers covering this frequency
range, which is divided into 10 frequency bands.

Mar 18, 2008

Band 4, 8, and 10 Superconducting Receivers
Radio waves collected by an antenna are transmitted to seven
superconducting receivers (to be increased to 10 in the future)
corresponding to a certain frequency band. The development
of seven receiver cartridges is shared by Japan, Europe, and
North America
To achieve unprecedented high performance of ALMA,
receivers need to meet very high level of requirements.
These requirements will be only satisfied with high

it unified jointly agreed
among three parties; extremely low-noise design realized
by installing the receivers in a cryogenically-cooled tank
at the absolute temperature of 4 K (-269 degrees C); and
robust structure with low failure rate for 30-year operation.
In spite of such strict requirements, Japan is engaged in
the development of multiple receiver bands, and successfully
developed three superconducting receivers for Band 4, 8,
and 10
Developing receivers at shorter wavelengths requires higher
manufacturing techniques. Though the development of
the Band 10 receiver at the shortest wavelengths was
thought to be the most difficult among ALMA frequency bands,
the Band 10 receiver developed by NAOJ has successfully
achieved the world' s best noise performance.

== Latest Progres:

Result of the Initial Testing of the Japanese ACA 12-m

Japan constructs sixteen parabolic antennas for
the Atacama Compact Array (ACA) as part of the

ALMA, and three of them were assembled in Chile

in the latter half of last year.

One of these three antennas (12 m in diameter) was
equipped with a Japanese receiver and was used to

obtain the first radio image of the moon at a

wavelength of 2 mm (140 GHz). The obtained image

shows clearly the temperature distribution of the
moon and weak radio emission from the right half
of the moon, which is dark in the optical image.
This is the first radio image of the celestial object
taken with Japanese ACA 12-m Antenna in Chile.

Jun 16, 2009 World's Highest Performance Submillimeter (terahertz) Receiver
- Band 10, the highest frequency receiver in ALMA, was successfully developed -

Submillimeter (terahertz) receiver system using
NbTIN (upper left).Superconductive integrated

circuit using NbTiN, micrographed by an electron

microscope (lower right) and its cross section
structure (upper right).

Receiver noise |

Frequency (GHz)

Previously, the world's highest performance of the 750 to
950 GHz receiver (operation temperature at 4K) was
achieved by the California Institute of Technology, and
SRON (Netherlands Institute for Space Research: one of
the major research institutes in Europe). NAOJ research
team has succeeded in improving the performance
substantially with its newly-developed receiver.

dark regions of the universe through
millimeter/submillimeter waves emitted by cold dust
and gas.

Until recent years, observation at submillimeter
wavelengths was not so common due to technical
difficulty and geographical restriction (effected by
water vapor absorption); ALMA overcomes thesg:
difficulties and opens the way to the submillimeter
observations. .

What We Can See

When ALMA starts its regular science operation,
we can see what has never been observed at
optical wavelengths, such as protogalaxies
formed in the very early years of the universe,
birth of stars and planets like our solar system,
and matters related to the origin of life such as

organic molecules.

How the First Galaxy was Formed

after the Big Bang
Subaru Telescope is capable of observing the universe
dating back about 8 billion years after the birth of
the universe, but optical telescopes are unable to
observe the universe prior to this point due to the effect
of the redshift. On the other hand, in the spectrum of
millimeter/submillimeter waves, redshifted galaxies
appear brighter and dust in galaxies emitting
millimeter/submillimeter waves is also observable.
With ALMA, we may be able to observe the birth of
the galaxies that occurred just after the cosmic
“Dark Ages.”
Itis expected that ALMA will be a key to solving
mysteries of the formation of galaxies just after
the Dark Ages.

Clue to the Origin of Life

Is the beginning of life a mere result of chemical
reactions that occurred only on the Earth? Did
our planetary system have the seed of life when
it was formed? Did the space hold any materials
that could be an origin of life? There are various
theories about the beginning of life. Obtaining

a clue to the origin of life is one of the main
goals of ALMA.

in ALMA Construction ==

Jun 16, 2009 NAOJ successfully developed the Ba

NAOJ successfully developed the Band 10 receiver
covering the frequency band from 787 GHz to

950 GHz, whose development was thought to be
the most difficult among ten receiver bands to be
installed in ALMA. This low-noise receiver is based
on a superconductive integrated circuit designed
and fabricated using a high-quality film made of
compound superconductive material NbTiN
(niobium-titanium nitrides). The performance test
was conducted with this circuit installed in the
newly-developed receiver. As a result of the test,

it was proved that the world's highest performance
low-noise receiver was successfully developed.
The picture shows the superconductive integrated
circuit micrographed by an electron microscope.

How the Solar System-ahd Planets were Formed
How were the planetary systems like our solar system formed?
Since the discovery of the first planet@utside the solar system
in 1995, about 4000 planets were féund directly or indirectly
outside the solar system so far. Study results on these planets
showed that planetary systems have a wide variety of forms.
To explore their formation process, it is necessary to observe
the birth of the planetary system, but ingredients of planets
(e.g. gas and dust) are too cold to be observed by optical
telescopes.

However, with millimeter/submillimeter telescopes, we can
observe gas and dust before evolving into stars and planetary
systems. Though existing radio telescopes are only capable
of seeing object structures vaguely due to lack of angular
resolution, ALMA that has a resolution far better than previous
radio telescopes is capable of observing with unimaginable
clarity the formation process of fixed stars as well as that of
planetary systems. The aim of ALMA is to probe unexplored
regions of the universe that have not been reached

by previous telescopes.

10 receiver

05, 2010 Successful Three-Antenna Interferometry at ALMA 5000-meter Site

ALMA has passed a key milestone crucial to
producing the high-quality images that will be the
trademark of this revolutionary new tool for
astronomy. A team of astronomers and engineers
successfully linked three of the observatory's
antennas at the 5000-meter elevation observing site
in northern Chile. The three antennas observing in
unison for the first time allowed the ALMA team to
correct errors that can arise when only two antennas
are used, thus paving the way for precise images of
the cool Universe at unprecedented resolution.

On 20 November 2009 the third antenna for the
ALMA observatory was successfully installed at the
Array Operations Site, the observatory’s “high site”
on the Chajnantor plateau, at an altitude of 5000
meters in the Chilean Andes. After complex technical
tests over the subsequent weeks, astronomers and
engineers were able to observe the first signals from
an astronomical source making use of all three
12-meter diameter antennas linked together.

National Astronomical Observatory of Japan [
ALMA Project Office
2-21-1 Osawa, Mitaka, Tokyo, 181-8588, JAPAN
http://alma.mtk nao.ac.jp
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Physics and Astronomy with the Thirty Meter Telescope (TMT)

M. lye, T. Yamashita, H. Akitaya, N. Ohshima, W. Aoki, N. Kahikawa, T. Kodama, M. Imanishi, T. Usuda, H. Takami, N. Takato, J. Nishikawa, T Sasaki

TMT is the next generation ground-based telescope having a 30-
meter diameter mirror. The first light of the telescope is planed in
2018. The telescope with adaptive optics will achieve much higher
resolving power and sensitivity than those with currently largest
telescopes. The targets of the telescope not only cover almost all
fields of astronomy, but will also extend to physics and biology by
measuring the expansion of the Universe and investigating the
atmospheres of extra-solar planets. TMT will be constructed by the
collaboration between universities and institutes in USA, Canada and
Asian countries. National Astronomical Observatory of Japan is
planning to participate this project. Technical and Scientific
cooperation with European Extremely Large Telescope will open new
observational astronomy.

TMT is planed to begin operation in 2018 at the
summit of Mauna Kea in Hawaii.

Primary Mirror 30m aperture (492 segments) July 2009 |Mauna Kea site

First Light October 2018 chosen. :

Site 4100m, Mauna Kea, Hawaii Fund raising

Construction cost |~ 1000M$ Feb.2011 | Construction Permit

Partners Caltech, Univ. California, ACURA Oct. 2011  |Begin Construction

Potential Partners |[Japan (NAQJ) , China (NAOC), Oct. 2018 |First light
India,Brazil, Taiwan

-TMT’ s resolution and light collecting power:

TMT will enable high resolution imaging with its adaptive
optics system, 4 times sharper than current 8m-class
telescopes (12 times sharper than Hubble Space Telescope

[HST]). The light collecting power of TMT is 13 times larger
than 8m-class telescopes (150 times larger than HST) and
enables detection of extremely faint object.

<Japan’ s contribution plan:

NAOJ is planning to contribute to the construction of TMT by
providing its 574 aspheric mirror segments for the primary
mirror, support structures for the secondary and tertiary
mirrors, and scientific instruments. The Japanese 8m telescope
Subaru at Mauna Kea will contribute to the science with TMT
by its survey capability provided by the prime focus camera
and spectrograph.

Collaborations with other next generation telescopes

Another extremely large telescope is planed by European
countries, called E-ELT. Technical and scientific collaborations
between TMT and E-ELT will promote new astronomy and
astrophysics.

TMT with adaptive optics
offers 13 times higher
spatial resolution than the
current Hubble Space
Telescope.

TMT’ s detection limit
is 33 magnitude,
which is
approximately the
brightness of a
firefly on the moon.

+Direct measurements of the Universe’ s expansion history <Searches for signature of life in extra-solar planets

The changes of the Universe’ s
expansion rate can be measured by
redshift drift for distant objects.
Redshift changes of the order of 10~
10 per year are expected for high
redshift objects. 10 year-
measurements for Ly-alpha clouds .
fOf redshift Of 2-4 Wi" provide a Cosmology models with different
direct test for the acceleration of the combinations of dark matter and dark
Universe’ s expansion reported
previously from measurements of
distant type la supernovae.

]

(redshit i)

2
e

Change of expansion rate

energy predict different expansion history,
which is distinguishable by measurements the atmothere of the

of redshift drift for distant objects. planet.
(adapted from Liske et al. 2008, MNRAS
386, 1192)

Atmospheres of extra-
S - solar planets can be : :
AN . investigated by > p|a'ne,

N spectroscopy for stellar : Host star
light during the planet’ s

*  transit. Detection oxygen
: (02 molecule) is

challenging, but is a

strong signature of life in

To Earth
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(simulation: adapted from Webb &
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HINODE SPACE MISSION TO INVESTIGATE THE SUN

Y. Katsukawa, S. Tsuneta (NAOJ/NINS) T. Sakao, T. Shimizu, K. Matsuzaki (ISAS/JAXA)
T. Watanabe, Y. Suematsu, T. Sekii, H. Hara, R. Kano, M. Shimojo (NAOJ/NINS)

HINODE Mission

HINODE, Japanese for "sunrise," was launched Sept. 23, 2006 to //
study the Sun’s magnetic fields and how their explosive energies
propagate through the different atmospheric layers. The spacecraft's
uninterrupted high-resolution observations of the Sun have an
impact on solar physics comparable to that of the Hubble Space
Telescope on astronomy.

The three advanced telescopes onboard HINODE were developed
through international collaboration between ISAS/JAXA, with NAOJ
as domestic partner, and NASA (US) and STFC (UK). The mission is
operated by these agencies with contributions for downlink
connections from ESA.

Microscopic Observations of the Sun

The Solar Optical Telescope (SOT) onboard HINODE provides
continuous observations of the Sun’s surface with unprecedented
resolution free from the influence of the Earth's atmosphere, which
allows us to study how magnetic fields emerge and evolve on the
surface, and how they give rise to magnetic structures like a sunspot.

SRR
“Japan” sunspot

Plasma Ejections in the Chromosphere

The chromosphere is the interface atmospheric layer between the
photosphere and the corona. HINODE has detected plasma ejections
over various spatial and temporal scales in the chromosphere. It has
also witnessed signatures of magneto-hydrodynamic waves there.
These phenomena are essential to understand how the magnetic
energy is liberated and transferred in the solar atmosphere.

e
s Sen S e ey
Dynamic plasma ejection in the chromosphere

Sun’s Pole

Magnetic configuration of the Sun’s poles was poorly observed so
far because of projection shortening in spite of its importance in
acceleration of high-speed solar winds. HINODE found polar fields
consisting of magnetic patches of kilogauss field concentration.
There are also field emergences taking place frequently in the polar
regions, which produce bright points and jets seen in X-rays.

]

Ea

Xeray jetin a polar coronal hole

Magnetic landscape of the Sun’s pole
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HINOTORI (ASTRO-A: 1981-1982)

Hard X-ray and y-ray observations of high
energy plasma produced by solar flares.

Solar Optical Telescope
(s0T)

T
YOHKOH

(SOLAR-A: 1991-2001)

Soft and hard X-ray observations
provided pieces of evidence of
“magnetic reconnection” as the
energy converter of flares.

X-ray telescope (XRT)
HINODE (SOLAR-B: 2006-]
Visible, EUV, and X-ray observations
covering the entire solar atmospheres
from the photosphere through the corona.

Ubiguitous Horizontal Magnetic Fields

HINODE discovered a new type of magnetic fields covering the Sun
thanks to its high polarimetric sensitivity. These magnetic fields are
called Transient Horizontal Magnetic Fields, and their properties are
completely different from those of sunspots. Because total magnetic
energies carried by the fields are enormous, the fields may play a
crucial role in heating and acceleration in the outer atmosphere.

(Attist's view of solar convection (granules)

Continuum mlens/ry Longuud/na/ mag. field Transverse mag. field and horizontal magnetic fields.

Structures and Flows in the Corona

For understanding the physics of coronal heating and solar wind
acceleration, it is crucial to measure temperatures, densities, and
velocities using spectroscopic observations of emission lines from
coronal plasma in the extreme-UV (EUV). HINODE discovered upflows
near the roots of coronal loops for the first time, which indicate there
are sources of heating and acceleration near the base of the corona.

[kmis]
40
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Intensities and Doppler shifts inan active region corona

Active region corona seen in various EUV emission lines

Origin of Massive Flares

Precise measurements of magnetic fields in the photosphere are a
key to understand how enormous magnetic energies are stored and
how the energies are suddenly released in a solar flare. Solar flares
eventually trigger magnetic storms and aurora activity around the
Earth. Solar observations with HINODE have helped progress toward
realizing the space weather forecast.

Magneic field configuration of a

lare-productive active region. Flare ribbons caused by electron beam bombardment of

the chromosphere,




Overview of VSOP-2 (ASTRO-G) Project

T. Umemoto, Y. Hagiwara, H. Kobayashi (NAQOJ), Y. Murata, M. Tsuboi, Y. Saito (JAXA),
and VSOP-2/ASTRO-G Project Team

ABSTRACT: VSOP-2/ASTRO-G Project = :

VSOP-2 (VLBI Space Observatory Programme 2) is a successor to VSOP/HALCA in which VSOP 2 SCIence Goals Magnetic Fiekd
Japan plays a leading role. The space radio telescope (ASTRO-G) will be launched by Japan - Imaging of Accretion disks around super—

Aerospace Exploration Agency (JAXA) and will be operated as a single radio telescope with a massive black holes

35,000km diameter, combined with ground radio telescopes, VSOP-2 will attain the angular i R %

resolution of about 40 micro—arcseconds at 43 GHz, 2000 times better than the Hubble Space * Imaging of Relativistic Jets from the accretion

Telescope, and reveal the relativistic phenomena such as jets around super-massive black holes disks, with the polarization information

at the centers of galaxies, and the dy ics in galaxi and stars by observations of masers. n - . .

VSOP-2 project is now proceeding through the cooperation of the MNational Astronomical SypamicEiniRala e Slen iA=Ly

Observatory of Japan (NAOJ) and universities and institutes in Japan and all over the world, observations of cosmic masers
e.g. Europe, USA, Korea, China, Taiwan. NAOJ is expected to play vital roles in organizing the

ground VLBI arrays and upgrading the ground facilities in the east-Asian region, East-Asian

VLBI MNetwork (EAVM), and construction and operation of science operation center to maximize cyr— %
science output

Information of VSOP-2 Project | \
=JAXA/ISAS Space VLBIWG =NAOJ SpaceVLBI Project
http://'www.vsop.isas. jaxa.jp/ http://vsop. mik.nao.ac.jp/vsop2

Launch & Orbit § PR
Launch Orbit VSOP-2 (Astro—G) Mission

H2A Rocket Apogee Height 25,000 km
by JAXA Perigee Height 1,000 km

i B 31 deg :
Vbserving bands
7.5 hour Observing Bands

X band: 8.0-8.8 GHz

K band: 20.6-22.6 GHz

Q band: 41.0-45.0 GHz

Dual Polarization @ all bands

Phase Links & Data Transmission . BUS System
Uplink H-ma_ser signal @40GHz Weight 1300 kg (wet)
1 Gbps ka Downlink @37-38GHz Attitude Control

Structure, Thermal Control

Communications, Data Processing

Phase-referencing capability
High speed Switching Maneuver
10cm Obit Determination (GPSR/ SLR)

Large Deployable Antenna
Module Antenna with

High' Surface Accuracy, and " The Largest Telescope

Prgcision Pointing (0.005 deg) 35,000 km Diameter with Ground Radio Telescopes
40" micro—arcseconds Resolution @43GHz
1,000 times better than the Hubble Space Telescope

nternational Collaborations of Ground Facilities Science Operation Center (SOC) @Mitaka NAOJ
+ Ground VLBI Telescopes/Arrays (East Asia VLBI Network, European VLBI Role of SOC is Point of Contact for VSOP-2 Users
Network. etc)

- Scheduling of Space & Ground Telescopes/Arrays
- Tracking Stations (Japan: Usuda, Spain; Yebes, and other) - Open use desk, *
* Correlators (ex, Korea-Japan
Joint VLBI Correlator)
- Role of NAOJ is organization of

ground VLBI arrays & update of

Announce of Opportunity
- Management & Processing

of science data to provide for

users (pipeline processing,
= = Tk g
East Asia VLBI Nelwﬁrk_\IE-ﬂ\"NJE.f}

data archive and database)

* User Support for proposal &

é.:_.inn}".ls N::-we
=8\

data analysis
- Correlator control & support —
« Education & public outreach I

888> =

+ International cooperation )
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BepiColombo: Mission to Mercury ;%XAM}

Hajime HAYAKAWA (ISAS/JAXA)
Hironori MAEJIMA (ISAS/JAXA)
BepiColombo Project Team

First full-scale
Euro-Japan joint mission

Two orbiters (MPO & MMO) will observe Mercury
simultaneously with instruments developed by
Euro-Japan joint research teams.

MMO (Mercury Magnetospheric Orbiter)
is a spin-stabilized spacecraft. The MMO will study
magnetic field, atmosphere, magnetosphere, and inner
interplanetary space. Comparison of magnetic field &
Magnetosphere with Earth will provide the new vision
for space physics.

MPO (Mercury Planetary Orbiter)
is a three-axis stabilized spacecraft. The MPO will
study geology, composition, inner structure and the
exosphere. Abnormal structure and composition of
Mercury will provide the keys for the planetary
formation in the inner solar system.

du
2020 Mercury Arrival

/ BepiColombo Science Team N

Project Scientist:  J. Benkhoff (ESA/ESTEC)

MPO Science Sub-Group

Complete study of
‘unknown planet’ near the Sun

[g‘éﬂ:“feﬂ Atimet [t & neutron] The innermost planet Mercury was already known in
il . . L.
col TNS(T“‘E:“S?EE% ger'n'."si.?gam) oS et . russa the ancient days, but it was visited only by the
ponn (OLR. Germany ) L
o Mariner 10 spacecraft 3 decades ago. Mercury is still
[Radio Science] [X-ray]

“unknown” and provides important keys to the solar
system sciences.

History of Inner Solar System

Mercury’s high density and composition tell us the initial
stage of the innermost solar system.

Origin & Structure of Magnetic Field

Why do planets have magnetic field? Mercury provides
the first chance to compare the magnetic field with Earth.

MIXS (spectrometer)
Pl G. Fraser (Univ. Leicester, UK)
Co-Pl: K. Muinonen (U. Helsinki, Finland)

ISA (Accelerometer)
PI: V. lafolla (CNR-IFSI, Italy)
O o e~ SIXS (Solar monitor)
Co-PI: S. Asmar(JPL,USA) Pl J. Huovelin (Univ. Helsinki, Finland)

Co-Pl: M. Grande (RAL, UK)
[Magnetic field]

UV,
MERMAG (Magnetometer) i
Pl:  K.H. Glassmeier (TU-BS, Germany) PHEBUS (spectrometer)
Deputy PI: C.M. Carr (ICL, UK) Pl E. Chassefiere (SA/IPSL,France)

Co-PI: S. Okano (Tohoku Univ.)
[Image & V-NIR Spectrum]

0. Korablev (IKI, Russia)
SIMBIO-SYS

E. Flamini (1SA, ltaly)

F. Capaccioni (INAF-IASF, ltaly)
L. Colangeli (INAF-OAGC, Italy) P§ERENA RIS, ol

G. Cremonese (INAF-OAJP, Italy) 8. Orsini (CI S, Italy)

A. Doressoundiram (LESIA, France) CoPl Ssgalr‘;;)gh%;-'fs)wedem
. Fomi (IAS, France)

J. L. Josset (SPACE-X, Switzerland) K. Torkar (SRI, Graz, Austria)

o [Neutral / lon particles]
Co-PI:

Magnetosphere: Similar or Different ?
Mercury’s special magnetosphere without thick
atmosphere will provide another view of the planetary
magnetosphere.

[IR]
MERTIS-TIS

{ EK. Jessberger (U. Munster, Germany) /

— ( Magnetic Field &
Internal structure

Science

Mercury

Internal structure
What does internal structure look like?
Why does Mercury have large core?

cture of Mercury

Magnetic field -
Structure: Dipole or Multi-pole? -=
Origin: Dynamo or Crust?

\

\ Fact: Magnetic field observation at 3
c

of Mariner 10
v and Ness, 1988

v

Magnetosphere &
Inner Heliosphere

BepiCalombo MMO Schedube .

C. Noshi/RISH, Kyoto Univ.

MMO Science Sub-Group N

Project Scientist: M. Fujimoto (ISASIJAXA, Japan)
(Deputy) Y. Kasaba(Tohoku Univ. Japan),
T. Takashima (ISASIJAXA, Japan)

MGF  Magnetic Field Investigation (2 sensors)
studies magnetic field from the planet, magnetosphere, and
interplanetary solar wind.

PI: W. Baumjohann (IWF, Austria)

Co-PI:  H. Matsuoka (ISASIJAXA, Japan)

Members: Japan, Austria, Germany, UK, USA

MPPE Mercury Plasma Particle Experiment (7 sensors)
studies plasma & neutral particles from the planet, magnetosphere,
and interplanetary solar wind.
PI: Y. Saito (ISAS/JAXA, Japan)
Co-Pl:  J.-A. Sauvaud (CESR-CNRS, France), M. Hirahara (Rikkyo Univ., Japan)
S. Barabash (IRF, Sweden)
Members: Japan, France, Sweden, UK, ltaly, Czech, Belgium, Germany, Switzerland
USA, Taiwan

PWI Plasma Wave igati (7 sub-i
studies electric field, electromagnetic waves, and radio waves from
magnetosphere and solar wind.
PI: Y. Kasaba (Tohoku Univ., Japan)
Co-PI:  J-L. Bougeret (LESIA, France), L. Blomberg (KTH, Sweden),
H. Kojima (RISH, Kyoto Univ.), S. Yagitani (Kanazawa Univ.)
Members: Japan, France, Sweden, Norway, Finland, Hungary, ESA

MSASI sodium Atmosphere Spectral Imager

studies thin sodium atmosphere of Mercury.
PI: . Yoshikawa (Univ. Tokyo, Japan)
Co-Pl: O. Korablev (IKI, Russia)
Members: Japan, Russia, ltaly, USA

MDM  Mercury Dust Monitor

studies dust from the planet and interplanetary & interstellar space.

PI: K. Nogami (Dokkyo Univ., Japan)
lembers: Japan, Germany

Surface

Structure & Composition
When and how did the crust form? \
Unknown region: Ice on the pole? Volcano?

Expeeta

troscopy of Lu

Surface / Exosphere / Magnetosphere /
Heliosphere interactions

/ Global view / ., \\ How are the relationship between them /
| “Is “analogical view” true ? S:;::tt:'sr;:‘osz?:. _,OSItlon \ through photon, fields, particles, dusts, etc.?/
_ Py _ "o : .
How is “the small-scale magnetosphere” ? How and why is the fast variability ? ~_ -

- How is “the current system” without ionosphere ? -

Flyby of Mariner 10
que energetic events

Energetic process
How is the acceleration / heating process ?
How is the scale effects?

/\

Mission Scenario LKA
Lounch 2014

e venus  swingeby x

Warcury swing-by x 4

Cbservaticn: 1 Earth yesr (+Extnsion]

JAXA/BepiColombo Project Office: http://www.stp.isas.jaxa.jp/mercury/
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The Next-Generation Infrared Astronomy Mission

SrICA

Space Infrared Telescope for Cosmology and Astrophysics

Takao Nakagawa (JAXA) and SPICA Pre-project Team

-

A Spac

15 milliot kilom

Transparent to sadiation

e — Birth of the first-generation stars and galax

12.7 billion years

Time evolution of the universe

Revealing the origins of planets and galaxies

SPICA Specifications . _—
*Mission Goals Revealing the origins of planets and Europe-Japan Collaborative Mission
galaxies with observation of high sensitivity SPICA is planned based on the scientific heritage of previous
Lo . . infrared missions. It is a JAXA-led mission with essential
lr\s;iic:gzolutlon in mid- to far-infrared contributions from ESA and a European consortium. Other

X . X international collaborations are also under discussion.
*Telescope dia. 3-m class (3.5m in the current design)
*Telescope temp. <6K(—268°C)
*Total mass ~4t
-Orbit Halo orbit around libration point S-E L, |§?C‘e’§:£rp';§§:eeds;m e oficial ectabiishod in i
R Sl - J] Wi Icially I 1 uly,
Launch year 2018 (target) 2008, technical reviews and development for the mission have been

underway.
SPICA TeIeSCOpe «European participation in SPICA under the framework of ESA

SPICA is a next-generation infrared astronomy mission. With its cooled (<6K) Cosmic Vision was proposed in June 2007, and SPICA was
large (3-m class) telescope, SPICA will be able to achieve superior sensitivity selected as a future candidate mission in October, 2007. Following
and high spatial resolution. this, European team has been conducting full assessment study.
*The communit-based SPICA Task Force was organized in 2008 in
.. the aim of incorporating opinions of the Japanese communities into
SPICA, a Cool Mission ! 9

the project. Since then STF has been a forum for active discussions
Warm telescopes (20 K) on other missions emit infrared radiation much on the project, mainly on science matter.

stronger than astronomical diffuse radiation. This self-emitted infrared

radiation hinders high-sensitivity infrared observations .

With a cryogenically-cooled (< 6K), large (3-m class) telescope on SPICA,

self-emitted infrared radiation is reduced by a factor of a million, and SPICA
(2 orders of magnitude of




STATUS OF CHINA SPALLATION

POASHA & AL A NEUTRON SOURCE (CSNS)

Institute of High Tnergy Physics
Chinese Academy of Sciences CSNS Team

The China Spallation Neutron Source (CSNS) facility is designed to provide multidisciplinary platforms for scientific research.
The site of CSNS has been selected at Dongguan, Guangdong Province. In the Phase | of the project, the facility comprises an
80-MeV H- linac, a 1.6-GeV proton rapid cycling synchrotron (RCS), beam transport lines, a solid tungsten target station, and 3
initial instruments for the pulsed spallation neutron applications. The RCS provides a beam power of 100 kW with a repetition
rate of 25 Hz. The beam power can be further increased to 200 kW in the Phase Il. A series of R&D for major components have
being performed since 2006. The project design proposal was approved by the Chinese central government in September 2008.
The preliminary site geological survey has been completed. The groundbreaking is planned in 2010.

Key Milestones Schedule
Feb. 2001 idea of CSNS discussed Prototyping R&D Jan. 2006 — Jul. 2010
Jun. 2005 project proposal approved in principle by central government Construction start May 2010
Jan. 2006 CAS funded (30M CNY) for R&D 1 Civil construction May 2010 — May 2013
Jul. 2007 Guangdong funded (40M CNY) for R&D 2 Component fabrication May 2010 — May 2014
Dec. 2007 project proposal review Installation & tests Jan. 2013 — Jan. 2015
Sep. 2008 project proposal approved by central government Integrated system commissioning  May 2014 — Nov. 2015
Oct. 2009 project feasibility study review 1st beam on target Nov. 2015
May 2010 expect to start project construction (ground breaking) Project complete/operation start Nov. 2016
Design Goal
Beam power Repetition rate Beam current Energy Max neutron flux* Number of
(kW) (Hz) (pA) (GeV) (nfem®s) instruments
100 25 63 16 10° 3

R&D and prototyping work has been carried out since 2006. Over 30 prototyping items (covering most key technologies) have
been completed and in the test process.

S0keV 3 MeV
H.15  RFQ

=l
U

. "oy,

-

RCS

-
o -
T8 :
-

Neutron instroments £
& <" Pp=100 KW

o

* . Target station

Chopper 3He Neutron Detector

Extraction kicker and PS RCS RF cavity
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CHINA INSTITUTE OF ATOMIC ENERGY

China Advanced Research Reactor

2/

The China Advanced Research Reactor (CARR) at China Institute of Atomic Energy
(CIAE) is expected to become critical in 2010, which is a tank-in-pool inverse neutron
trap type reactor equipped with a liquid hydrogen cold source.

Key Parameters of CARR

Power (MW) 60
Max undisturbed thermal 8x1014 (at heavy-water
neutron flux (necm-2es-1) reflector)
horizontal beam tubes 9
vertical channels 25
U235 enrichment/ (wt%) 19.75

Multipurpose Research Reactor

ONeutron scattering---the major research program at CARR.

1) Instrument:

NTD

CIAE IoP! ! TAS

Layout of Experimental Channels

PHASE | (under construction): PHASE Il (future):

Diffractometer

HRPD/HIPD Powder diffractometer

FCD Four-circle diffractometer
Large-scale structure diffractometer
SANS Small-angle neutron scattering
NR Neutron reflectometer

Industrial Application

RSD Residual stress
diffractometer

NTD Texture diffractometer
Neutron imaging
Spectrometer

TAS Triple-axis spectrometer

NSE Spin Echo Spectrometer

CTAS Cold triple-axis
spectrometer

BS Backscattering spectrometer

2) Sample environment (under construction): top loading CCR (0-500K), high temperature furnace(0-
1600°C), magnet(0-300K,7 T) and high pressure (200MPa)

ORadioisotopes production

Vertical channels with different diameters and different neutron flux levels and the automatic and
processing transportation systems can be used for production of radio-isotopes in industrial scale.

ONeutron transmutation doping (NTD) silicon

ONeutron activation analysis (NAA) etc
NAA will reach the sensitivity up to 10-~10-° gram for most chemical elements.
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Neutron Instruments for Fundamental Scientific Research
at China Advanced Research Reactor (CARR)

The neutron can be a particle or a wave compared to electromagnetic spectrum.

feuirons __ JNTCED
CARR welcomes your involvement as neutron users, scientific
radio frequency | far l’ IRII uv . ml' ; 4 . .
collaborations, or instrumentation co-developers. Neutron Scattering
loz E T T T T T T T T T T T T T T T . . . . . .
& 0 9 -8 -7 -6 5 -4 3 2 -1 0 1 2 3 4 s Laboratory will seek advice from international experts in the field of
. —— — — — T — T — r'1eutron scattering on user programs, operation safety, and
s 4 3 2 1 0 1 2 3 -4 5 6 -7 -8 9 -0 -1 instrument upgrade.
togv T T T T T T T T T T T T T T T T T
Wy 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Four Circle Neutron Diffractometer
The neutrons beam features the wavelength comparable with the
interatomic distance in crystals and sensitive to different isotopes that
neutrons can be used to yield the information about the crystal structures
and atomic positions. Apart from that, neutron has a magnetic moment that
undergoes a dipole-dipole interaction with magnetic moments of unpaired
electrons and can be used to determine magnetic structures. THAT is
famous “WHERE ARE THEY?”

In CARR, both a high resolution powder diffractometer and four circle
diffractometer will be built to involve in crystal and magnetic structure
research.

High Resolution Powder Diffractometer

Instrument details:

Beam size: 40mm X 100mm(H X V)
Flux at sample position: >108n/cm?-s
Monochromator: Cu(220)

. ..T. Monochromator take-off angle: 40°

bed e .
Instrument details: 7T A Wavelength: 0.87A

™ S SR ey Collimation: 15”,30" ,open

Resolution: Ad /d=2X103 R ST T‘. Detectors: He
Flux at sample position: >108n/cm?-s reg, oo, I o
Monochromator: Vertical focusing Ge(115) Crystal structure and magnetic
Monochromator take-off angle: 120° structure of TbBaFe,Og The FCD with all the mechanical parts
Wavelength: 1.886A maintained and electronics renewed is

Collimation: C1: 10°,20" ,0pen; C2: 40" ; C3: 10’ The HRPD is designed and constructed relocated from Juelich Center for Neutron
completely by CIAE staff and all the instrument Science and expected to work when CARR

Detectors: 64°He components are ready for installation. The is critical
Monochromator to Sample distance: 2.4m instrument is planned to be assembled around '
Sample to detector distance: 0.94m April of 2010 and expected to be put into

service next half of 2010.

Thermal neutron triple axis spectrometer
Thermal neutron has the energy comparable to most

excitations in condensed matter, which makes neutrons an
ideal probe to measure excitations. That is neutron’s another
ability to yield “What they are doing?”

The triple axis spectrometer is the most versatile and useful
instrument for use in inelastic scattering for the permission to
probe nearly any coordinates in energy and momentum
space in a precisely controlled manner.

Instrument details:

Monochromators: Double focusing PG(002), Cu(200)
Monochromator take-off angle: 13.4° ,20.7° , 37.2°
Incident neutron energy (mev): 5, 14.6, 17.2, 33.9, 49.9, 117
Analyzer: Double focusing PG(002),

Collimation: 20’, 40’, 60’

Neutron filter: PG, Erbium

Incident beam cross section: 90 X 140mm?2, 90 X 100mm?2,
70X 100mm?

S N I R T

Phonon dispersion curve of Ne

H. Bilz and W. Kress, Phonon Dispersion Relation
in Insulators, Springer Verlag, Berlin Heidelberg
New-York(1979)
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Neutron Reflectometer and SANS Instrument at CARR

A vertical scattering geometry neutron reflectometer (NR) and a 30m Small Angle
Neutron Scattering (SANS) instrument are being built at China Advanced Research
Reactor (CARR) by Institute of Chemistry, Chinese Academy of Sciences (ICCAS) and
China Institute of Atomic Energy (CIAE). The project is sponsored by Ministry of
Science and Technology (MOST) as one part of the “national science & technology
infrastructure center”.

Both instruments are being installed in the guide hall, which will use cold neutrons transferred by
CNGD neutron guide from the reactor, as shown in the following pictures.

Three-dimensional design of SANS Three-dimensional design of NR

Detector Detector] siit3 | siit2 | siit1 | Monochromator
vessel

Sample Chamber

Collimation system
Velocity selector o

At present, the installation is
almost done and the instruments
are being adjusted with their
motion and control systems. The
instruments will be open to both
domestic and international users
in the near future.

In the 30m x.60m guide hall,
three neutron guides
CNGA,CNGB and CNGD
have been installed. The
SANS and NR will be the first
two cold neutron instruments
there.

SANS instrument Specifications: Neutron reflectometer Specifications:

Beam cross section: 50 mmx50 mm Vertical scattering geometry

Monochromator: mechanical velocity selector Monochromator: pyrolytic graphite

Wavelength Range: A=4.0 -20.0 A, AWM\ =10% to 22% Incident neutron wavelength : L =4.75 A, AWML ~2 %
Source-to-Sample Distance : 4 to 16 m Beam size: 0.01 mm x 50 mm to 30mm x 50 mm
Sample-to-Detector Distance:1.0 to 15 m Q range: 0.003 ~0.4 A -!

Collimation: Circular pinhole collimation or focusing lenses Q resolution: Variable with slits from .02 to .15 A Q/Q
Sample Size:®5 mm to ®25 mm Monochromator-to-sample distance: 2m
O-range:0.0008 to 0.7 A-! Sample-to-detector distance : 2m

Size Regime:10 to 5000 A Sub A thickness resolution

NR and SANS are very useful in studies on structures on the scale of 1 to several 100 nanometers.
Due to the unique properties of neutron, these techniques play important roles in a wide research
fields ranging from polymers and colloids to biological structure. While SANS is powerful in
measuring structures in solution or in the solid state, NR is dedicated to structures in very thin films
or at surfaces/interfaces.




Industrial Applications of Neutron Residual Stress, Texture and Imaging Techniques

il

Sl

The Specification of Neutron Texture Diffractometer

Collimator: 10", 30’, open
Monochromator: Cu (200)
Take off angle: 40°

The Specification of Residual Stress Diffractometer

Monochromator: Double focusing Si(311); Cu(220)
Take off angle: 41°~109°

Wavelength: 0.895 A ~ 2.666A

Detector: ORDELA 1128N

Monochromator to Sample: 190 cm ~ 220 cm
Sample to Detector: 60 cm ~ 110 cm

Sample table: 200 kg load capacity

Relative resolution of the diffractometer when wavelength is 1.76A

a0k, 10y e R =005
—e— iR, =005m" WEEDI0m"

wRsossm' [

1R 0 A0m”
1R E0ASm"

Wavelength: 1.24A

Detector: 3He counter

monochromator

sample

detector

Mainly studying the texture in
the industrial materials such as
deep-drawing materials, shape
memory alloy, tyre wires and
second generation high-
temperature superconducting

wires.

At present, the

residual

stress

and texture

diffractometers are being installed in the reactor hall and

v
R

RSP L

Figure of merit

o 4 &

scallering angle [deg]

20,=65", A=1.76

A

80 100 120 140 o

80 130 120 40

I
scallering angle [deg]

Studying residual stresses due to manufacturing processes
such as welding, heat treatment, casting, coldworking and

etc.

Setup of the Thermal Neutron Imaging Facility

will be finished at the middle of 2010, then will start to
adjust and test their motion and control systems. The
instruments will be open to public in the near future.

The conceptional and physical design have been
finished for the Thermal and Cold Neutron Imaging
Facility, which will be constructed and assembled
completely before 2012.

Key Designed Parameters of Neutron Imaging Facility

Collimator system Shjelding Tmage detegto

l system | - S
4 =

—

Flight tube

Setup of the Cold Neutron Imaging Facility

Detector Sample table Flight tube Neutron guide

= t+

[ |- S—

Thermal Cold
Aperture D (cm) 4,2,1,05 54,2, 1
Experimental pesition 850 and 1140 800 and 1600
(cm) (from aperture)
L/D 212~2280 160~1600
Neutron beam (cm?) 22X40.6 30X30
n/y (n em?+ mR") >1.0X 108 >1.0X 108
Cd-ratio >100 >100
Desired resolution (mm) 0.15 0.12

The thermal and cold neutron imaging will be widely
used in the following fields: nuclear fuel element, two-
phase flow, small combustion engine, plants, fuel cells,

concrete etc.




NEUTRON SCATTERING RESEARCH IN INDIA \

S.L. Chaplot and R. Mukhopadhyay
Solid State Physics Division, Bhabha Atomic Research Centre, Trombay, Mumbai 400085, INDIA

The National Facility for Neutron Beam Research is regularly utilized in collaboration with about 200 users from universities
and other academic institutions.

There are at present 30 universities’ projects running under the aegis of UGC-DAE CSR. School/Workshops are arranged
regularly since 1990 for awareness of neutron scattering.

In addition, India has contributed to significant international cooperation (through IAEA-RCA and others) involving supply
of neutron spectrometers and research collaboration with major neutron scattering laboratories abroad.

Reactor Hall

T
Fooraoucn Anayss
Seectrormter

-

S v piriple Auia Spin-Ecro
Single Crystal o Yy () Specirometer Spectromater

Small Angle
Newlren Soalterng
Ie—

Guide Tube Laboratery
" b
| Experimental Facilities at Dhruva Reactor )
Facility includes Neutron Beam Instrumentation
Diffraction (Structure) »In-house development of neutron spectrometers.

» Small-angle scattering (large molecules, thin films)
» Wide-angle scattering (crystals, strain distribution)
» Very-large angle scattering (glasses, liquids)
» Reflectometry (surfaces, interfaces, thin films) »Novel technologies for beam tailoring.
» Neutron polarization analysis
Spectroscopy (Dynamics)

»Selfreliance in design and fabrication, control and data acquisition systems, etc.
»Development of neutron detectors.

»International Collaboration with Rutherford Appleton Laboratory, UK at the
spallation neutron source ISIS. Contribution towards IRIS and OSIRIS
»Inelastic scattering spectrometers.

>Quasielastic scattering »Several instruments exported to Korea, Indonesia, Phillipines and Bangladesh

»Fundamental Quantum Physics - Neutron Optics through the acgis of IAEA.

»Neutron Imaging - Tomography/Radiography

N Development of various Detectors
Structure, Dynamics and Magnetism of a wide variety of materials

:2-D PSD for neutrons
have been investigated.

: 1-D PSD for neutrons

»Technological and industrial materials: Magnetic materials, High-T. Mot Bl i
: Neu u b

superconductors, Macro emulsion, Ferrofluids, Polymers, Maraging
steel, Cement, Catalysts, Negative Thermal Expansion Materials,
. Nanomaterials, Porous Materials, Minerals etc

»Amorphous & glassy systems: Phosphate glasses, Ge-Se glasses,
Hydrogen bonding in deuterated alcohol.

: 1-D Curvilinear PSD for neutrons
:2-D PSD for x-ray

s : Microstrip Detector for x-rays and
: neutrons

il G: X-ray Proportional counters
H : 1-D PSD for x-ray

0 E 0 0w >

»Thin Films and Multilayers: Magnetic moment density in
semiconductor - metal multilayers, surface morphology of metallic thin — —_—
films.

»Applied work: Neutron radiography of two phase coolant flow in coolant

channels and Zirconium hydride blisters. International Collaboration

>F'undamenta! Physics: FirsF neutroni? observation of non-cyclic pha§es, » Tripartite agreement between India, Philippines and IAEA during sixties
First neutron interferrometric separation of Geometric and Dynamical (RCA-IAEA). Later, India collaborated with Korea, Indonesia, Bangladesh and
phases. other countries.

» Neutron instruments built in BARC were installed and used in some of these
countries. Asian collaborative programs with BARC have been supported by
TAEA.

Recent Schools and International Conferences in India

International Symposium on Neutron
Scattering held at BARC, Mumbai,

January 15-18, 2008 » BARC has been collaborating with ISIS facility, Rutherford Appleton

Laboratory, UK since early Eighties. We have been a regular user of the ISIS

School and Conference on Neutron facility for carrying out neutron experiments since 1985.

Scattering & Mesoscopic Systems
held at Mumbai and Goa, October 5-
14, 2009

» Researchers from India availed advanced sources at UK, USA, Germany,
France, Switzerland, Japan and other countries to carry out front line research.




The European Spallation Source Project

F. Mezei ' for the ESS Collaboration, Lund, Sweden
"Hungarian Academy of Sciences, SzFKI, Budapest, Hungary

ESS is the next generation European neutron source,
to be built at Lund in Sweden. It entered its pre-
construction phase as a Collaboration of by now 14
countries: Denmark, Estonia, France, Germany,
Hungary, lIceland, Italy, Latvia, Lithuania, Norway,
Poland, Spain, Sweden and Switzerland.

e

Artists conception of ESS on a green field site outside the university town
Lund. It will consist of a linear proton accelerator, a target station as the
neutron beam source and a host of neutron scattering instruments at 15 —
100 m distance from the target.

Pulsed Spallation Sources: the most energy/costs
efficient way to produce neutron beam

40 MeV proton beam energy per fast neutron produced
(cf. 190 MeV for fission in conventional reactors)

Equally efficient slowing down of MeV neutrons to the
sub-eV range for neutron scattering research

Pulsed sources produce monochromatic neutrons at
the instruments at any instant of time, due to the
energy dependent neutron flight times (principal
neutron velocity range 200 — 2000 m/s)

Most powerful neutron sources today:
ILL (Gernoble, France: 58 MW reactor)
SNS (Oak Ridge, US: 1.4 MW pulsed spallation s.)
J-PARC (Tokai, Japan: 0.5 MW pulsed spallation s.)

ESS: new concept in pulsed spallation source
design for increased beam power at lower costs

Conventional short pulse spallation sources:
~1 ps proton pulses — ring accelerator needed,
very high instantaneous power on target (~ 10 GW)

New concept: LONG PULSE Spallation Source:
~1 ms long proton pulses can deliver 10 times
more protons (i.e. neutrons) per pulse at 100 times
less instantaneous power on target

Simplified accelerator and target system :
- only linear accelerator is needed
- higher neutron beam performance at comparable
costs and technical challenges
-5 MW (and more) proton beam power feasible
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Compared to the conventional short pulse spallation sources, here SNS,
Oak Ridge, USA, the Long Pulse concept of ESS offers a simplified
accelerator system: H* linear accelerator without accumulator ring
reduces technical challenges (injection, space charge, target fatigue)
and offers superior neutron beam performance by more neutrons /pulse.

optimized LPSS 75 MW ||
SN'S cold moderators

L=6A
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A linac driven long pulse source can emulate with proton pulses of ~ 100

us duration the slow neutron pulses of a short pulses source (grey area

vs. black lines), and produce order of magnitude more neutrons per pulse

with higher peak brilliance with proton pulse lengths in the ms range.
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Innovative fast rotating mechanical neutron chopper systems allow us to
cut out shorter pulses for better definition of the neutron velocity (energy)
from the long ESS pulses. The area of the pulses gives in the figure in
this example the performance gain of ESS compared to the existing most
powerful neutron sources (J-PARC is about equivalent to SNS).

Conclusion: With its innovative Long Pulse approach,
using a high power, state-of-the-art linear proton
accelerator and novel neutron instrument concepts to
shape the neutron pulse lengths to individual user
needs, the 5 MW beam power ESS will offer — at
comparable costs — an order of magnitude
enhanced scientific opportunities relative to
existing neutron scattering facilities worldwide.




Sound-wave-like Plasmonlc Exc:tatlons in Atom-Scale Metal Chains

WPI Center for Materials NanoArchitectonics,
National Institute for Materials Science, Tsukuba 305-0044

of Au nanowiresitubes

High-Density

Ia *5, Temonaga
melecular spectroscopy +Quantum conduetance

I {Mobel laureate in physics;1965)
Negative Coulemb drag *Antenna-resonance between -Optical abserption in infrared [IR) I
.

i In 1950, he mentioned about
in 10 Wigner crystal in metallic wires *Pelerls instability (COW, SDW) 5
*Single molecule sp Py -One-dimensional Plasme collective excitations of
-Surface Plasmon Dl electron in one dimension. a
atom chains A | {Temonaga-Luttinger theory) (1906-~1879)
| [metallic nancrods, metalllc wires)) 7 7

; linear band dispersion
Meso-Scale Many Aspects of Atomic-Scale

; : ) Low-energy excitations near E- and k.

One-dimensional materials a

Sound-wave-like electronic excitations in 1D.
= Can we really see it in atom chains?

Conductance (2er,fr_|_)

| -Quantum conductance i
*Large Coulomb drag voltage | 'T°'“°“393'|-““|ﬂ99f Liquid {TLL)
~Wigner Crystallization L Spin-Charge

withd

-Quasi-Two-Dimensicnal ~Pseudogap in -ﬁRPES [ o w)ec|w|™) time(sach

o Effect of
Plasmon -Quasi-One-Dimensional Plasmaon Onishi et al., Nature {1930},

; Exchange-Correlation (XC)
i = - holes i
| (AlGaAs heterostructures) \ /| {Organic conductors, CNTs) | = i 2. = 4BA

———— v o = Local fleld correction (LFC) by STLS
‘Yamamoto et al, Science (2006 Low.Dens“y == ' yp (SIngwi-Tosl-Lund-Sialander) theory

. . . . . . = glectron correlation Is included I
-Diversity of Phenomena in one-dimensional conductive phases

-Experimental _ = (2009), in pross. *Exchange correlation and Rashba effects in atom chains

. ) . T ——
S o :Inelastic Electron Scattering Phys. Rev. Lett. 97, 116802 (2006) E 4507 20 |
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*Plasmon at the Meal-to-Insulator transition D. Sanches-Portal, PRL 93, 146803(2004) sl
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*Metallic intraband plasmons in graphene-like Si chains?!
Nanotechnology 19, 355204 (2008). J/l/.
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Possibility of plasmonic excitation
~ confined in metallic wstate in
graphitic Si atom chains.
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MONTE CARLO STUDY OF COLLECTIVE BEHAVIOR OF
MAGNETIC NANOPARTICLE SYSTEMS

Tran Nguven Lan, Tran Hoang Hai

Ho Chi Minh City Institute of Physics, Viet Nam

Energy of Magnetic Nanoparticle Sytems

0] (l‘mn}Z & [ui'ui (l‘rry)(l‘/'ri/)]
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g g

The first term in Eq.3 is the anisotropy energy, n; is the direction of the anisotropy axis, || = 1. The second term is the Zeeman

energy, H is the external field. The last time is the dipolar energy between two particles i and j separated by r;, and constant g =

Lo/4T.

Barrier Distribution Temperature Dependence of Coercive Field
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In the dilute sample, the barrier distribution responds to the At the low temperature, the coercive fields completely separate,
size distribution, namely log-normal distribution, however, and as saw in Fig.2a, the coercive field decreases along with the
with increasing the concentration, the barrier distribution increase of the concentration, however, at the certain
shifts to the large-energy and the relation disappears and the temperature, about 10 K in our case, the coercive field starts to
distribution peaks appears at the lower energy and the high increase. This temperature is called the glass translation, T, or
energy tails become longer. super-ferromagnetic (SFM) translation temperature, 7. It is
This result has an importance significant to show the role of worth commenting that the temperature dependence of coercive
the size distribution and the dipolar interaction. The size field does not follow the classical theoretical prediction, H,. ~ 1 —
distribution plays dominant role in the non-interacting (T/Tp) ', as represented by dot line. The temperature T, (T2)
sample, and with increasing the concentration it is replaced raises as the dipolar interaction is strong, and it can exceed the
by the dipolar interaction. blocking temperature if the sample is very dense

Collective Behavior At The Low and The High Temperature
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The dipolar energy is minimal as the moments parallel together. Therefore, the rotation of a moment can excite the rotation of
another. The dipolar interaction deduces the decrease of the coercive field below the translation temperature 7, (or 7,) and the
increase of blocking temperature. The field dependence of the peak temperature changes from the bell-like shape to the plateau-like
shape as the interacting strength increases. Under the influence of the dipolar interaction, the magnetic nanoparticle system has
properties responding to spin glass material at the low temperature and to the multi-domain wall material at the high temperature,
however, with the greater properties.




Nanostructured thermoelectric generators

Marisol Martin-Gonzalez and Fernando Briones
IMM-Instituto de Microelectrénica de Madrid (CNM-CSIC), Isaac Newton 8, PTM, E-28760 Tres Cantos, Madrid, Spain.

Email: marisol@imm

Providing a sustainable supply of energy to the world’s population will become a major societal
problem for the 21% century. Thermoelectric materials, whose combination of thermal, electrical, and
semiconducting properties, allows them to convert waste heat into electricity, are expected to play an Theory of Loyw-dimensional Thermoelectrics: Eabrication of Nanowires by electrodeposition
increasingly important role in meeting the energy challenge of the future. Recent work on the theory =
of thermoelectric devices has led to the expectation that their performance could be enhanced if the
diameter of the wires could be reduced to a point where quantum confinement effects increase charge- . .
carrier mobility (thereby increasing the Seebeck coefficient) and reduce thermal conductivity. The Mg el e dptien
predicted net effect of reducing diameters to the order of tens of nanometers would be to increase
efficiency or ZT index by a factor of 3. Working
Our work in the thermoelectricity has been recently funded by the European ERC electrode
program “IDEAS” under ERC contract 240497, granted to Dr. Marisol Martin at IMM-CSIC,
and also by a bilateral collaboration (NANO-THERMA) within the Spanish team and a NIMS Effects of reduced dimensionality 3 . {
group in Japan. ; i Porous
Its main objective is to investigate and optimize nanostructures influencing ZT in order to achieve a % Increase in S 2105
power conversion efficiency >20%.  For that, nanowire arrays of state of art n and p-type T
semiconductor materials will be prepared by cost-effective mass-production electrochemical methods Decrease in K E E P cations
and fabricate devices with a ZT >2 for applications in energy scavenging and as cooler/heating introduction of interphases g
devices. Three lines of research are followed: R T o0 ZipT on et
a) determination of the best materials for each temperature range (n and p type) optimizing 1. ks & 015, Dresselhons Wit
composition, microstructure, shapes (core/shell nanowires, surface texture, heterostructures), R il
interfaces and orientations, A“" At
b) advanced characterization, device development and modeling will be used iteratively during . S 5 5 5 q q 2
C . PP P Low dimensionality should improve the properties of thermoelectric materials
nanostructures and materials optimization, and
¢) nano-engineering less conventional thermoelectric like “cage compounds™ by electrodeposition
methods.

Solution of

Stirring bar auze

— . 50 nm Bi, ;Sb, ,Te, ; wire array
le} nanowire Thin film Peltier element. 3 we
Nanowire Arrays  Why? Structure White dots: Bi,Te,
25 S =206 pV/K
8.89 pQem
» Commercially used ZT~1 at 300K e [ | P v v o= ua
4 3 ; k=149 W/m*K

S = -240 pV/K

¥ 610 uQ- ; s
BlzTe3 oFTam ) Filled pore

k#8202 Wme*K

» It can be electrodeposit ;
5 s S & -230 pV/K
(Takahashi et al., 1993) . S W
8 61105 pQ*m

» Anisot i : IR
—— Well ordered, >90% Nucleation e

Bi, Te; wires fill the pores completely — wetting effect

FE-SEM 40 nm Bi;_ Sb, nanowire array . y . . 5
Why? Structure ; F e sy g LRLULES

» Solid solution

» Best low temperature
thermoelectric ZT'~ 0.88 at 12% Sb
and 80K

S % -160 pV/K
om15 uQem
k2.4 WmeK

i
|
{B
)
{
|

= - P L | ; " :
S . . =ilic pores can be filled by domg theiprocess more slowly:
» Calculations by Dresselhaus et al. *The wire diameter is smaller than the pore diameter I I N o I.I i =
suggest a ZT ~ 1.25-1.5, diameters of +The wire grows concentrically in the pore but does not but non wetting effectsjare still observed
~40 nm, x ~0.13 wet the alumina walls

Why? Rattler type Structure  CoSh;z: Post-annealed Morpliology. ©oSb;: Electrodeposition sequence

Multilayer deposition into 200 nm Al,O; templates

4

» Part of the Skutterudite
(CoAs;) family

» ZT = 1.47 at 573K
C Sb S %220 WV/K
0 3 or10pQem
Cage Compound = 3.2 W/ K
» Separation: 8
electronic structure ¢ J
thermal conductivity b &
cxbaie % i 2
5 *Co layerwet alumina walls while Sblayer; do not.
» Isotropic - s Nian o 5
*Ihereis alsoareductionin volume after-heating,

sAllfthat gives a veryanteresting periodic constrction
along thelength ofithe yire

oW % B wwte 2

)

Deposition: 8 to 30 multilayers,
50°C

Conclusions
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Frequency metrology at NMIJ K
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clock transition in 171Yb of the clock transition in 171Yb . g &% ot
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Blackbody radiation +1.32 0.13 . .
Gravitation -L19. 0.03 Link &
2nd order Zeeman +0.4 0.05 Interactions
Scalar light shift 0 14
Clock laser light shift -0.04 <0.01 Frealoaes ' =
Paper lock error 0 23
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in NMIJ-F1(typical)

Length metrology __.-

Establishment of a global scheme is required to accelerate collaboration
between EURAMET and APMP in the frame of the Metre Convention.

Construction of time and frequency transfer system between Europe and Japan

# Global T&F Transfer
by Satellites and Undersea Cables

# Acceleration of Studies by Collaborati
France: Leaderin EURAMET

carrier phase TWSTFT Development
Japan: Leader in APMP

Time transfer Ol

Freq. transfer 107 @ls
10107 @ 1 day

EURAMET

Portable optical lattice clock
Intercontinental frequency comparison
Space clock

APMP

Exsisting

dersea Cables
FLAG

SEA-ME-WE2
SEA-ME-WE 4

() : Clock Portable optical frequency comb
Intercontinental comb comparison Portable fountain _

Intercontinental frequency comparison
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_Infrastructure for Flow Metrology Standards and International Collaborations

- = Yoshiya Terao
Natio%al Institute of Advanced Industrial Science and Technology (AIST), Japan
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GRID COMPUTING AND ITS PROSPECTS FOR MALAYSIAN NUCLEAR PHYSICS & ENGINEERING RESEARCH
Abdul Aziz Mohamed?, Saliza Hassan?, Saliza Hassan Wan Mohd Hikam Kauthary Hassan?, Faridah Md Idris!, Azraf Azman?, Megat Harun Al Rashid Megat Ahmad?, and
Julia Abdul Karim?
1 Reactor Interest Group - RIG (Neutron Beam Applications), Malaysia Nuclear Agency, 43000 Kajang, Malaysia.
2 Grid Computing, MIMOS Berhad, Technology Park Malaysia, 57000 Kuala Lumpur, Malaysia.

Abstract
Grid computing in principle provides all the needed facilities, software, hardware, high speed internet,
communication interface and secure environment for collaboration of research activities and projects around
the scientific and engineering communities. It provides fast compute engine for those engaged in highly
technical research projects and business/commercial purposes which are required heavily compute intensive
and/or process huge amount of data. Grid computing also offers a possibility of using a very advanced and
sophisticated methodologies, simulation models, expert system and treasure of knowledge around the
research and business world under the umbrella of knowledge sharing. Quantum and nuclear researches are
expensive and dangerous (i.e. risk of ionizing radiations, hazardous materials, extreme condition such as
cryogenic etc.). Thus, grid computing makes possible for quantum and nuclear including related areas of
R&D to be designed in the most details and complex configurations. The problems can be modeled and

Summary
1)The QuantumGRID has great importance
2)Heterogeneous, supports the joint of different types of
clusters and supercomputers
3)Gives a high-performance and high-throughput Grid for
the parallel applications as well as sequential modes
4)Software licensing needs to be resolved
5)MIMOS-MOSTI need to provide stable nodes linked to
QuantumGRID RIG members

(ﬁﬁs e )

==
X

simulated with incorporation of vast information and knowledge available around the globe. It also provides
optimal safety prediction and analysis for each new research requirements. This poster describes some
issues and beneficial prospects in utilising grid computing power for Malaysian quantum and nuclear physics
and engineering research communities in pursuing the related science, engineering and technology, in
particular in areas of high-energy physics and quantum science and engineering.
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About MIMOS Quantum R&D — Neutron /related rays
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Conformational Alphabets in the Study of Protein Structure
Wei-Mou Zheng (zheng@itp.ac.cn, zhengwm@genomics.org.cn)
Institute of Theoretical Physics, Academia Sinica, Beijing, China

Introduction

Life science, bringing us ever-growing unexplained data, is attracting increasing
interest from physicists. Protein structure is a good subject for physicists to study,
being simple enough yet, at the same time, complex enough.

Conformational alphabets

Conformational alphabets (CAs) provide discrete representation for the protein local
structure. We have proposed an alphabet:

a letter = a cluster of combinations of three angles formed by Cu pseudobonds of
four contiguous residues (obtained by clustering according to the probability
distribution) = a discretized state of 3D segmental conformations, and constructed its
substitution matrix CLESUM (Conformational LEtter SUbstitution Matrix), which
measures similarity between fragmental states.
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Conformational alphabets in the study of protein structure

We have succeeded in developing a fast alignment tool for multiple protein
structures by means of our CA called BLOMAPS, which is faster than other tools by
2 to 3 orders. Multiple alignment carries significantly more information than pairwise
alignment, and hence is a much more powerful tool for classifying proteins, detecting
evolutionary relationship and common structural motifs, and assisting
structure/function prediction.

Such conformational alphabets, bridging the secondary and 3D structures, facilitate
computations for protein structures. Our focus is on the development of a reliable
statistical potential function using CAs, and improving structure prediction.

This is a rich territory for collaboration amongst physicists, computer scientists,
mathematicians, and biologists.
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Introduction Results
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The prediction of structural domains has practical implication because
/3 M large proteins often need to be dissected into structurally independent
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domains, which are usually easier to express, purify and characterize than
whole proteins. Our specific goal is to develop an accurate domain linker
prediction method & improve their prediction performances.
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LMG. Chavas, N. Matsugaki,Y.Yamada, M. Hiraki, M. Kawasaki, N. Igarashi, R. Kato, S. Wakatsuki

Institute of Material Structure Sciences, Structural Biology Research Center, Photon Factory, High Energy Research Organization (KEK)
305-0801 Tsukuba Oho -1 (Japan)

energies from 6 to 17 keV, in an environment ideal for high-
throughput crystal screening, data collection and analysis.
These beamlines, BL-5A, AR NW12A and the newly built AR
NE3A, deliver a measured flux ranging from 1.5 x 10'' to 8.0
x 10" photons/sec of 12 keV photons on the sample.
Together with improvements in the automation of the
beamline control, notably through the implementation of|
sample exchange systems and automatic sample centering, a
fully automated data collection and processing system was
optimized to allow data acquisition of more than 150 data
sets per day in a routinely manner.To complement BL-17A as
an additional microfocus beamline, the short-gap undulator
beamline BL-IA is now under construction and will be
opened for users in April 2010. BL-1A will deliver brilliant
lower energy beam at around 4-5 keV, ideally optimized for
sulphur  single-wavelength anomalous dispersion (S-SAD)|| &
experiments. In this poster, | will present a brief summary of
the beamline designs and the challenges facing the new
developments, some innovation highlights, and | will try to
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emphasize through case studies the impact that have such
state-of-the art beamlines on the biological studies at SBRC.
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EProteln stabilization is very difficult to rationalize as it
often results from multiple mutations, whose effects are
intertwined. Rather, it is worth investigating the 3-D
structures of proteins differed by a single and/or a few
amino acid substitutions, followed by their thermodynamic
studies to elucidate the stabilization mechanism. Here, we
report the X-ray crystal structures of several BPTI variants
containing 19 to 23 alanines (out of 58 residues) that were
determined using the Photon Factory synchrotron
radiation source at KEK. All extensively simplified BPTI
variants retained almost perfectly the wild-type BPTI
structure. However, pair wise RMS deviations at Ca atoms
indicated that small local structural fluctuations, found in
the wild-type structure (7PTI), were significantly reduced in
the simplified BPTI structures. The temperature factors
(main chain, side chain and average temperature factors)
were also significantly reduced at and/or around the
alanine substitution sites. Moreover, new hydration
structures (protein water interaction) were observed
at/around the substitution sites that could contribu
rigidify the native structure.

X-Ray Crystal Structures of Extensively Simplified BPTI Variants
Determined Using the KEK Photon Factory Facility

Mohammad Monirul Islam, Shihori Sohya, Keiichi Noguchi, Masafumi Yohda and Kuroda Yutaka
Department of Biotechnology and Life Sciences, Tokyo University of Agriculture and Technology (TUAT)

s
Surface representation of BPTI
variants. Alanines are in red while
alanines present BPTI-27 but not in
BPTI-19 are in blue.
BPTI-19 BPTI-27
3, Helix p-Strand 1 B-Strand 2 a-Helix

BPTI-5,55 : REDFCLEPPYAGPCKARI IRYFYNAKAGLCQTFVYGGCRAKRNNFASAEDCLRTCGGA
BPTI-19 :RPAFCLEPPYAGPGKARIIRYFYNAAAGAAQAFVYGGVRAKRNNFASAADALAACARA

BPTI-23 :RPAFCLEAPYAGPGAAAIIRYFYNAAAGAAQAFVYGGVAAKRNNFASAADALAACAAA

BPTI-24 CLEAPYAGP IIRYF
BPTI-26 F PYRGP IIRYF FAS
BPTI-27 PYRGP IIRYF

Sequences of BPTI variants. BPTI-[5-55] contains only the [5-55] bond,
and four wild type SS bonding cysteines substituted to alanines.
BPTI-19 to 27 contains 19 to 27 alanines, respectively

BRESTET

O Thermal stability by circular dichroism
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Thermal stabilities measured in 20mM
Acetate (pH4.7) at 10 pM protein
concentration.
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Mutants ng( c) | ATm ATm
(experimental) (estimated)
BPTI-19 51.35 - -
BPTI-21 44.33 -7.02 -4.50
BPTI-22a 42.81 -8.54 -7.00
BPTI-22b 46.56 -4.79 -4.50
BPTI-23 46.68 -4.67 -7.00

What are the effects of alanine substitutions to the
protein structures and stability?

»>All extensively simplified BPTI variants retained almost
perfectly the wild-type BPTI structures.

»Pair wise RMS deviations at Ca atoms indicated small
local structural fluctuations, found in the wild-type, were
significantly reduced in the simplified structures.

»The temperature factors (main chain, side chain and
average) were also significantly reduced at and/or around
the alanine substitution sites.

»New hydration structures (protein water interactions) were

\o\bserved at/around the substitution sites that could /

contribute to rigidify the native structures.

O Structure determination: X-ray crystallography

Parameters Refinement statistics
BPTI-19 BPTI-20 BPTI-21 BPTI-22 BPTI-23
Space group C2 P222, €222, C2272 C222
BPTI-19 | Matthews coefficient 2.15 2.14 16 2.18 227
BPTI-20 1 govent content 435%  42% 431% 43.1%  452%
2 | Reflectionused 49171 38836 12300 23855 13898
"2 | Max. resolution (A) 1.00 1.391 1.99 1.60 1.90

BPTI-23

Rfactor/Rfree 0.14/0.16 0.156/.20 0.17/0.23 0.18/0.23 0.18/0.21
Ramachandarn plot statistics
Res in most favored 90.4%  90.7%  89.4%  90.7%  88.0%
Backbone RMS Deviations at Ca Atoms
Template Simplified BPTIs
structures |BPTI-19 | BPTI-20 | BPTI- |BPTI-22| BPTI-23
21
BPTI-[5,55] | 0.364 0.484 0.386 | 0.374 0.378
4PTI 0.420 0.429 0.336 | 0.312 0.306

0; BPTI-21; BPTI-22; BP

Color codes Wild-type; BPTI- 19

Structural fluctuations in wild-type and mutant BPTI structures. Left: Pair wise
RMS deviations at Caatoms from 7PTI; Middle: average temperature factors; and
Right: difference in main chain temperature factors (SPTI minus simplified BPTIs).

—_— 4
P8 K15 R17 R39
Color codes: Wild-type; BPTI-21; BPTI-22; BPTI23

New hydration structures at and/or around the alanine substitution sites in the
wild-type and mutant BPTI structures. (A) P8A; (B) K15A; (C) R17A; and (D)
R39A substitution sites. 7PTI is used as the wild-type BPTI structure.

Correspondence: Kuroda Yutaka, Tokyo University of Agriculture and Technology,

2-24-16 Nakamachi, Koganeishi, Tokyo 184-8588,

Tel/lFax: +81-42-388-7794; e-mail: ykuroda@cc.tuat.ac.jp
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Infrastructure for Biodiversity 6’ LIFEWATCH

Data & Observatories

While we are exploring other planets, it is surprising how little we still know
about our own planet Earth. This is certainly true for our understanding of

the living world, the biological diversity of species, and their genes and the
ecosystems in which they occur. We only know a fraction of the probably
millions of species, especially of the insects, microorganisms and other small
species which are in different ways crucial for goods and services such as
pollination, health or biotechnology. Scientific developments have already
generated knowledge about some components of biodiversity, but the research
community absolutely needs a new methodological approach to understand the
biodiversity system.

LifeWatch will construct and bring into operation the facilities, hardware,
software and governance structures for research on the protection,
management and sustainable use of
biodiversity.

Components

m facilities for data generation and
processing; a network of observatories

n facilities for data integration and
interoperability

= virtual laboratories offering a range of
analytical and modelling tools

= a Service Centre providing special
services for scientific and policy users,
including training & research opportunities for young scientists.

The architecture allows for dynamic linkages to other resources and associated
infrastructures. As such, LifeWatch will be the first example of a new generation
of research infrastructures that form a cooperating fabric.

2010 International Year of Biodiversity

Bristol | C

urg |

the Netherlands | The Natural History Museum in London || Countries: Austria | Belgium | D

Romania | Slova

AlterNET |

The LifeWatch infrastructure for biodiversity
research addresses the huge gaps we face in
our understanding of life on Earth. lts innovative
design supports a large-scale methodological
approach to data resources, advanced algorithms

and computational capability. LifeWatch will not
only serve to support the scientific research, but
will also be an essential tool for local and global
policy makers in the understanding and the rational
management of our ecosystems.

Features & benefits

= Asingle portal for pure and applied researchers, policy makers, industries
and the public at large

= Discovery of biodiversity data: habitats, species and DNA sequences,
geographical, climatological and ecological data; visualisation of temporal
and spatial distribution

= Modelling tools to analyse statistical relationships between, among others,
species occurrence data and environmental factors; creation and integration
of geographic information system (GIS) map layers

m Facilitation of data access and proper citation; on-line / off-line user support

w Structuring the science community with opportunities for large-scale projects

m Accelerating data capture with new technologies and institutional support;
identifying priorities and knowledge gaps

n Close cooperation with existing infrastructures and
facilities

International
cooperation

Successfully implementing LifeWatch is only possible through international
cooperation. The sheer size of the infrastructure with respect to costs,
functionalities and user communities requires large-scale collaboration. The
European Strategy Forum on Research Infrastructures (ESFRI) identified
LifeWatch as an essential facility to be supported by European countries.

e | —
SEVENTH FRAMEWORK
PROGRAMME

The preparatory phase runs from Feb. 1st 2008 to Feb. 1st 2011. It brings
together — and aims to expand — a group of interested EU member and
associated states in order to prepare a cooperation agreement on the
construction and long term maintenance of the LifeWatch infrastructure. A
Policy and Science Board - composed of the representatives of more than
18 interested partner countries and 8 scientific networks, oversees process
progress.

LifeWatch national partners are aiming at
starting construction in the 2010
International Year of Biodiversity.

te | National R

ark | Finland | France | G
ovenia | Spain |
E | EDIT | ENBI | Eu Bef | Marine Genor
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LifeWatch is partially funded by the European Commission within the 7th Framework Programme (number 211372).

www.lifewatch.eu



:!,: Are spin-polarized atoms clustering ?
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TANAKA, Masamitsu, KOBAYASHI, Yukiharu, HASHIMOTO, Tomohiko, NOZAWA, Takeshi, WATANABE, Ryoji, NAKASHIMA, Natsuki,
SHIRAKI, Ichiro, YAMADA, Shungo?®, SATO, Tomohiro?, ITO, Haruhiko #, and TORIKAI, Eiko
Interdisciplinary Graduate School of Medicine and Engineering, University of Yamanashi,
a Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology

1. Introduction

The interplay between spin and structure is a problem of interest in the field of nanomagnetism and cluster/surface physics.
While this effect is less dominant in bulk materials, the ground state physical properties (including the geometry) of finite systems
like clusters are strongly influenced by the spin, and different optimal ground state geometries are possible for different spin
states of size-specific clusters (spin isomers). Further, the nature of bonding in finite systems is strongly influenced by the spin
states of the constituent atoms. Of particular interest in finite systems is the question of what we can expect if a small number of
spin-polarized atoms are placed on a plane, and allowed to assemble (or disassemble). Would clustering or self-assembling
occur?

If spin-polarized atoms are clustering, they will exhibit a spin-dependent functional property which is applicable for a quantum
device. In such a system, observation of the atomic arrangement will give information on spin arrangement and vice versa.

* Theoretical deling of the str and
spin states of Cs, clusters suggests that low-
and high-spin states are competitive forn . 4,5

Fig. 2 Examples of the low-lying str of Cs, cl 1 predicted i
., the density functional model. (J.M.M.M 310{2007) 2390.) s
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Fig. 3 Principle of the magneto-optical
trapping in the two level system. Fig. 4 Energy Scheme of Cs-D2 Line.

fiest MOT chamber 3 3 =10-8Pa,

i second MOT chamber : 1.8 x 10-8Pa

3. Experimental Procedure

Cesium atoms are cooled and trapped in the
magneto-optical trap(MOT) and spin-polarized by
the successive hyperfine and Zeeman pumping
method. Spin-polarized molasses are dropped onto
the solid argon substrate and form clusters. We
used double MOT to increase the number density

of the cold atoms of the order of 10"° Icm“].

Rare gas monocrystalline
thin film substrate
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From double-slit experiments with single electrons to
two-electron entanglement in space-time:

A Europe-Asia Physics Project
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During the last decade a sneaking paradigm change has been taken
place regarding the compatibility of quantum physics, in particular its
consequences for entangled pairs of particles [1], and special relativity.
Tim Maudlin of Rutgers University wrote a book on “quantum non-locality
and relativity” in 1994 [2] which highlighted that the compatibility of non-
locality and special relativity was a much more subtle question than the
traditional arguments based on instantaneous messages would have us
believed. He shows that special relativity is compatible with a variety of
faster-than-light transmission mechanisms, however, they would have to
fulfill certain requirements. What is in last consequence uncanny about
the way quantum objects can non-locally influence one another is the
fact that it does not depend on the particles spatial arrangements and
their intrinsic physical characteristics, but only on whether or not the par-
ticles in question are quantum mechanically entangled with one another.
Hence the kind of non-locality seems to call for an absolute simultaneity,
which would pose a very real and ominous threat to special relativity.

Resonant Auger decay and electron configuration:
The gerade case

Oy*
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electron
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Resonant Auger decay and electron configuration:
The ungerade case
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Oy*  electron
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Two-fold double slit experiment: The molecular version of
EPR’s idea to prove the completeness of QM

Auger¥idler beam
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Polarization correlations in spin space revealed
by photon-photon coincidence measurements
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Resonant Auger decay follwoing core electron
excitation to the discociative 10, 30, (*3,) state.

Two new ideas have emerged from this situation in the past few years.
The first one was a paper by Roderich Tomulka from Rutgers University
[3] who showed, that a non-local modification of Ghirardi-Rimini-Weber
(GRW) theory, a theory promoting a philosophical realistic way to sub-
sume the predictions of quantum mechanics, would provide a peaceful
coexistence between quantum mechanical non-locality and special rela-
tivity. The price for this coexistence is however, that one has to introduce
a new variety of non-locality into the laws of nature, a non-locality not
merely in space but in time. The other approach to solve the conflict be-
tween quantum-mechanical non-locality and special relativity is concen-
trated on the character of quantum mechanical wave functions in the
sense of a “many world” interpretation of our reality [4,5].

We present here results supporting the first scenario of interpretation
of our reality. The experimental data obtained from angle resolved coin-
cident detection of photo- and Auger electrons in the molecule frame of
homonuclear diatomic molecules, here N, prove that the corresponding
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excited dissociative state:
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fragment motion

Kinetic energy (¢V) (on o* resonance 539.3 V)

emitted electrons are indeed spatially entangled [6]. This entanglement is
based on the spatial properties of the parity eigenstates gerade and un-
gerade which constitute dichotomic variables of the continuous variable
position. These eigenstates are distinguished by their non-degenerate
energy values giving rise to an energy difference specific tunneling time.
The parity and hence energy eigenstates g and u have as complementary
system concerning their entanglement the eigenfunctions of the Fourier
integral of energy, which is nothing else than time. Hence our results are
the first proof of entanglement between two particles based on time,
which means a proof of non-locality of time! This non-locality means that
two entangled particles have the same clock starting from the same origin
in space independently of their separation in space. This would make
quantum mechanical non-locality and special relativity compatible to each
other, providing an unexpected peaceful solution to the famous contro-
versy between the two most contradictory opponents of the interpretation
of our physical reality in the last century, Albert Einstein and Nils Bohr.
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Measured resonant Auger spectra in dependence of the
molecular axis
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direction. In the resonant Auger case this corresponds to the ion detection angle.

Position based EPR experiment described in momentum

space on the f/b-Poincaré sphere
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Evidence for a violation of Bell's inequality.
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1. Introduction

In this study, we focus on a thermodynamic variational principle of
maximum entropy production (MEP, Sawada,1981); a nonlinear non-
equilibrium system tends to evolve to a state with maximum entropy
production. This principle has been confirmed to be valid for various
nonlinear fluid systems (e.g., Paltridge, 1975).

The ocean system can be seen as an open dissipative system
connected with its surroundings mainly via heat and salt fluxes, and has
been known to possesses multiple steady states under the same
boundary conditions (Fig. 1). In this study, we examine MEP for the
transition among multiple steady states of the oceanic general
circulation (Shimokawa and Ozawa, 2001, 2002, 2007).

2. Model and Method

The numerical model used in this study is the Geophysical Fluid
Dynamics Laboratory’s Modular Ocean Model. The model domain is a
rectangular basin with a cyclic path, representing an idealized Atlantic
Ocean. A series of multiple steady states under the same boundary
conditions (four Southern Sinking Circulations (SSC): S1-S4; and three
Northern Sinking Circulations (NSC): N1-N3, Fig. 2) are obtained by
adding salinity perturbation to the north of 46° N.

3. Results

The results are summarized in Fig. 2. Starting from S3, the system
moves to S4 with higher entropy production, regardless of the sign of
the perturbation (r14 and r15). Starting from S4, the system does not
return to S3, but remains in S4, regardless of the sign of the
perturbation (r18 and r19). These transitions are irreversible in the
increase direction of entropy production rate, and support MEP. In
r14, negative salt perturbation applied to S3 strengthens SSC (Fig. 3c).
In fact, the system moves to a stronger SSC, S4, after the perturbation
is removed. This is a natural transition caused by the perturbation
and is consistent with MEP. In r15, positive salt perturbation applied
to S3 weakens SSC (i.e. strengthens NSC). In fact, a NSC is developed
temporarily (Fig. 3d). But, the system moves to S4 after the perturbation
is removed. This is positive evidence in support of MEP.

Starting from N1 with negative perturbation, the system moves to S1
(r12). Starting from S1 with positive perturbation, the system moves to
N1 (r06). These transitions are irrelevant to the entropy production
rate, and appear to be contradicted MEP. In oceanic circulation,
sinking occurs in the narrow polar region, and upwelling occurs in other
broad regions. Therefore, a positive (negative) salt perturbation applied
to a sinking region should effectively strengthen (suppress) the
circulation when compared with a negative (positive) salt perturbation
applied to an upwelling region. In r06, a positive salt perturbation is
applied to northern high latitude region in a southern sinking (upwelling
region). In this case, the SSC co-exists with a newly developed NSC,
and then changes into the NSC (Fig. 3b). The perturbation acts only
as a trigger for the transition. This transition is a spontaneous
transition independent of the perturbation and is consistent with
MEP. In r12, a negative salt perturbation is applied to northern high
latitude region in a northern sinking (sinking region) (Fig. 3a). In this
case, the NSC collapses completely, and then changes into a newly
developed SSC. The perturbation acts as a forcing to the initial
circulation. This transition is an enforced transition controlled by
the strong perturbation and is independent of MEP.

4. Conclusions

The results can be explained in a consistent manner by a conceptual
figure (Fig. 4a). A small perturbation can trigger the transition to a state
with higher entropy production, regardless of its sign. In the situations,
the entropy production rate plays a similar role to a thermodynamic
potential in classical thermodynamics (Fig. 4b).

Summary

*The mechanism of transitions among multiple steady states under the
same set of boundary conditions is investigated by using an numerical
model of the oceanic general circulation.

- The results suggest that the transition is consistent with MEP except
when the perturbation destroys the initial circulation altogether.

+ These results can be explained in a consistent manner by a
conceptual figure which regards the rate of entropy production as a kind
of thermodynamic potential in classical thermodynamics.

Figure 1 Conceptual figure of the
oceanic general circulation at the
present state of climate. The state of the
circulation can be changed drastically by
the state of climate, which affects on heat
and fresh water (salt) fluxes.
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Figure 2 Summary of the results obtained from the numerical simulations: the
relationship between transitions among multiple steady states and rates of
entropy production. The y axis (dS/dt) indicates the rate of entropy production (W K-
1), and the x axis (W) shows the maximum value of the zonally integrated meridional
stream function for the main circulation (SV = 108 m3 s=1). The dots correspond to the
steady states (initial and final states) of each experiment (e.g., N1). The arrows show
the direction of the transitions. The symbols beside the arrows show the experiment
number and the perturbation used in the experiment (e.g. r04 and —A). The standard
salinity perturbation, A is 2 x 107 kg m=2 s~', which is applied north of 46° N. Nggc is
a unique solution under another boundary conditions. The dashed lines show the
transition from or to Nggc with the changes of boundary conditions.
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Figure 3 Evolution of the zonally integrated
meridional stream function in five
experiments: (a) r14; (b) r15; (c) r06; (d) r12.
The contour interval is 2.0 SV (10 m® s~). The
arrow in the middle of (b) indicates the
development of the NSC (see left text).

Figure 4 Schematic diagrams
showing the stability of (a) a
dynamic system and (b) a static
system. The most stable steady
state corresponds to a minimum in
the dynamic potential (i.e., MEP)
in (@) and a minimum in the
thermodynamic potential (i.e.,

maximum entropy) in (b).
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S. and H. Ozawa (2002): Q. J. Roy. Meteorol. Soc. 128, 2115-2128. Shimokawa, S. and H. Ozawa
(2007): Geophys. Res. Lett. 34, L12606, doi:10.1029/2007GL030208.
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ABSTRACT

Brachytherapy is the treatment of malignant lesion using radioactive isotopes near or inside
the tumor. Brachytherapy is useful to deliver high radiation dose to the tumor and minimum
possible to normal surrounding organs/tissue. The intention of this study was to do quality
assurance of the cases that have undergone for the treatment in dept of radiation oncology,
B.P.Koirala memorial cancer Hospital (BPKMCH) since last five year. The most practiced
cases in our center are i of cervix and in HDR . Only

Intracavitary brachytherapy (ICBT) cases were taken for this study. In total number 1341
patients has received ICBT from 2005 to 2009; out of them 1296 patients completed the
treatments. Total 3941 applications were held during this period of study.

Key words— High Dose Rate Brachytherapy, ICRU-38 report, Remote after loading.

1. INTRODUCTION

Brachytherapy is a method of treatment in which sealed radioactive sources are used to
deliver radiation at a short distance by interstitial, intracavitary, or surface application. With
this mode of therapy a high radiation dose can be delivered locally to the tumor with rapid
fall-off in the surrounding normal tissue. The history of Brachytherapy began in Paris in
1897.Shortly after Marie and Pierre Curie di:covered radium in 1898, brachytherapy was first
performed successfully to treat facial skin cancer'. This was done by directly applying a
radioactive material such as radium, radon to the affected site. Within five years, radioactive
sources were being used internally via an applicator inserted into the body. Since the
technology is gradually progressing, the after loading methods were developed during 1959
and 1960 which offered protection from the radiation hazard to radiation workers performing
Brachytherapy and there was greater flexibility of source geometry as well as improved
reproducibility of treatment and comparatively shorter treatment time.” After the introduction
of artificial isotopes, remote after loading devices, it has advantages of energy, source
flexibility, source size, half life, reduced personal exposure. Three types of Brachytherapy are
defined as dose rate: Low dose rate: 0.4 to 2 Gray/hr. Medium dose rate: 2 to 12 Gray/hr.
High dose rate (HDR): more that 12 Gray/hr.’ 137Cs (Cesium) is commonly used in LDR
where as 192Ir (Iridium) and 60Co (Cobalt) are used in HDR brachytherapy. The use of
Iridium for brachytherapy was developed though clinical experience in the treatment of
uterine cervix, prostate, head and neck, oesophagus and skin cancer.

The use of HDR th for cervical i is the result of technologic
development in the manufacture of high intensity radioactive source, computerized remote
after loading devices and treatment planning sysytem.® Optimization is used in various types
such as dose point, dwell time, geometry based dose, volume time and equal time etc.

External beam radi therapy and are two main ways of delivering
radiotherapy for cervical cancer. Usually external therapy is followed by Intracavitary
brachytherapy. In the carly stage of the disease only brachytherapy may be sufficient. External
therapy is used to treat whole pelvis and the parametrium including lymph nodes. The aim of
the study was to do quality assurance of the cases that have under gone for the treatment of
carcinoma of cervix by HDR brachytherapy.

2. MATERIALS AND METHODS

Brachytherapy treatment has started with Varian Varisource HDR remote after loading (RAL)
machine since 17 September 2002 in B.P.Koirala memorial cancer hospital (BPKMCH) in
Bharatpur, Nepal. Varisource RAL device is a single source HDR after loading machine with
a built in inactive wire called dummy wire which tests all connections before an actual
treatment run is allowed. The maximum distal position of Varisource RAL is 150-cm,
minimum step size is 4 mm, 20 cm continuous treatment and 1.5 cm minimum radius of
curvature at 80 cm wire® After loader shielding material is Tungsten with maximum of 12
Curies Ir-192 shielding capacity.'” Ir-192 is a solid single radioisotope of 5 mm length, 0.348
mm diameter, emits gamma rays of 380 KeV and a short half life of 73.83 days.

For carcinoma of cervix, we have delivered 40 Gy in 20 fraction( 2Gy/# one fraction a day, 5
days in a week) the 10 Gy in 5 fraction with Mid Linc Block (MLB) of external radiotherapy
followed by 3 appli of (ICR) 7 Gy per fraction, one week
interval between the ICRs. The Gynae- brachy table is used to for application in application
room. Foley's catheter was inserted aseptically and 7 ml of radio opaque dye (urograffin)
pushed into balloon that helped to locate bladder reference points. Rectal probe was inserted
into rectum to identify rectum position on AP/LAT orthogonal films. The uterine sound was
inserted in the uterine cavity to assess the length and position of the cavity. Uterine tandem
was placed according to the length of uterine cavity and flange was fixed to remain at the
external Os. Largest possible ovoid were placed in lateral fornices and fixed with the uterine
tandem .The vaginal packing was done adequately with ribbon gauge. The Fletcher Suit
Delclos FSD type of applicator was used for treatment of uterine cervix with intact uterus and
vaginal cylinder for postoperative cases.”

Figure 1. Preparation of patients for external RT (left) and Brachytherapy (right)

Patient was shifted in simulator room to take orthogonal films. Applicators, bladder rectum
position was observed and made needful adjustment before take the films.

Orthogonal films are taken in simulator room scanned through Vidar film digitizer scanner for
planning the case in brachyvision treatment planning system. References points such as point
A(2cm superior to external cervical Os and 2 cm lateral to cervical canal6), Bladder points,
rectum points and point B (3 em lateral to point A) were taken according to ICRU-38 reports.>
Plan was done required dose to point A and as low as reasonably possible to rectum and
bladder. Isodose curve shape, rectum, bladder dose was discussed. HDR Brachytherapy
source calibration was done at the time of replacement of source wire. Before delivering the

dose to patients the following Quality Assurance have been performed per day % *”

We used Standard Tmaging Inc electrometer CDX model and HDR 1000 plus well type
ionization chamber with a volume 245 cm
source positioning in the well chamber.

* source calibration. Current was noted at every

Figure 2. Position verification (left) and source calibration (right)
3. RESULTS AND DISCUSSION:
Varisource Treatment Day QA Check lists

Perform door interlock test Pass, Perform door stop test Pass

Perform consol Stop test Pass, Perform consol key test Pass

Perform after loader key test Pass, Perform radiation monitor test Pass

Perform applicator inspection test Pass, Perform treatment room radiation test Pass
Perform obstruction detection test Pass, Perform catheter Misconnect test Pass
Perform position verification test, Pass Perform decay test Pass

The catheter position verification was done frequently with camscale and its deviation is
within 0.01%.

Varisource strength calibration.
All new sources were calibrated to check source strength specified by the vendor.
Source strength = peak current reading x Ktp x calibration factor.
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Figure 3 Source strength difference in vendor and site measured of different sources.

The difference, in percentage, between source strength measured at site and provided by
varisource has calculated. Site measurement activities of different sources are seems similar to
the vendor activities as shown in fig.3 and is within acceptable limit.

During the period of study 2005 to 2009, total 1341 intracavitary Brachytherapy (ICBT)
patients, out of whom 1296 patients completed the treatments. Twenty eight received two and
seventeen patients received only one Brachytherapy. In total, 3941 ICBT were held during the
period of this study.

26.47 percentage patients has received dose to bladder in range of 3.5 to 3.9Gy . The bladder
dose 72.5 percentage patients is less than 55.7 percentage of point A dose in each treatment..
Similarly; In case of rectum dose, total 1186 (89.2%) pts has received rectal dose less than
55.7 percentage of seven gray per cycle. 3.06 pts has rectal dose less than 2Gy and none have
more than 5.5 Gy as in fig.5, centrally shaded chart. The peak of chart is 410 (30.58%)
between 3-3.4 Gy which is less than 50 percentage of A point dose. The AP view of isodose
curve is pear shaped. Most common stages of cervical cancer in our centre are of IIB and
IIB."" Higher the dose to bladder and rectum may cause of complication.

During the period of study new sources were calibrated in different dates. The variation
between site measured and varisource sources strengths are in acceptable limit within five

Figure 4 Isodose curves of ICBT planning (left) and dose at different points (right)
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Figure 5. Bladder and rectal (centrally shaded) dose received by patients

1296 patients received all 3 cycle of treatments. Seven Gray was given in each ICBT.
Maximum patients 888 (66.22%) are getting bladder dose between 3 to 4.4 Gy per treatment.

4. CONCLUSION

The Most common malignancy in women in our dept of radiation oncology is cervical cancer.

has been an effective treatment modality for all stage
carcinoma of cervix. There is individualized treatment planning for every patient. Maximum
patients were treated with bladder and rectal dose less than 55 and 50 percentages respectively
of Point A dose with satisfactory pear shape. Normal organ dose should minimise, however, it
should not produce a significant reduction in disease control.
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Equilibrium Configuration of LiH and Li,

Pant, Amba Datt*
Central Department of Physics, Kirtipur, Kathmandu, Nepal

The present work describes the equilibrium configuration of the lithium hydride (LiH) and lithium dimer
(Liy) calculated using the Hartree-Fock procedure implemented by the Gaussian 03 set of programs. We
have also calculated the ground state energy of the lithium atom and ions using the single-center expansion
method with the Gaussian shell orbitals. The ground state energies for the lithium atom and ions calculated
using the single-center expansion method and the HF procedure agree to each other within 3%. The ground
state energy for the lithium atom has been estimated to be -7.432 a.u. and that for Li* and Li™ ions to be -
7.236 a.u. and -4.494 a.u., respectively. With these HF values of energy for the lithium atom and ions, we
have estimated the first and second ionization potentials for the lithium atom to be 5.34 €V and 79.95 eV,
respectively, which are in close agreement to the previously reported experimental values within 1%. We
have also performed calculations using configurations interaction (CT) method and the density functional
theory (DFT) to study the equilibrium configurations of LiH and Li2. The ground state energies for LiH and
Li, obtained using the DFT calculation are lower than that obtained with the CI method. which, in turn, are
lower than that obtained with the HF approximation. With the DFT calculation we have estimated the
binding energy of LiH to be 242.81 kl/mol, which is in close agreement with the previously reported
experimental value of 238.049 kl/mol within 2%. However, in case of Li; the DFT value of binding energy
is less than the corresponding CI value by around 9%. The binding energy of Lis using the CI calculation has
been estimated to be 94.99 kJ/mol, which is close to the previously reported experimental value of 98.98
Kl/mol within 4%. We have also studied the variation of energy with distance between the constituent atoms
of LiH and Liy. From the energy versus distance curves we have estimated the bond lengths for Li-H and Li-
Li to be 1.59 A and 2.70A, respectively, which are in close agreement with the previously reported
experimental values within 1%,

Key words: HF approximation, CI, DFT, binding energy, bond length,

1. INTRODUCTION

The first-principles approaches are being widely used to study the electronic structure and
to determine the various physical properties (c.g., ground state energy, dipole moment,
ionization potential, polarizability, nuclear quadruple moment etc) of many-electron
systems [1]. These approaches can be classified into three main categories: Hartree-Fock
(HF) approximation, density functional theory (DFT) and quantum Monte Carlo method.
Here the calculations are carried out using only HF and DFT methods. Since Hartree-Fock
approximation can not calculate the correlation between electrons of opposite spin, the
correlation methods like Moller-Plesset perturbation (MP») and configuration interaction
(CT) considers the mixing of wave function from the ground state configuration are taken.
The CI method, in principle, has many of the desirable features being well defined, size-
consistant and variational [2]. Meller-Plesset perturbation theory adds higher excitations to
HF theory as a non-iterative correction and are variational, So there is a possibility of
overcorrecting the energy values [3].

In another first-principles approach- DFT, in which the electronic orbitals are solution to a
Schrodinger equation which depends on the electron density rather than on individual
clectron orbitals, the exchange-correlation potential not only includes exchange effects
arising from the antisymmetric of the wave functions but also correlation effects due to the
motions of the individual electrons (dynamic correlation effects). In this method exchange
and dynamic correlation effects are in practice treated approximately [1]. HF, MP,, CI and
DFT methods can be used to study the electronic structure and to calculate the various
physical properties of many electron systems with the aid of the Gaussian 03 set of
programs [3].

*E-mail:pant_amba@yahoo.com

1. HATRTREE-FOCK APPROXIMATION

Hartree-Fock theory is well established approach to obtain an approximate solution of the
many-electron Schrodinger equation by writing the total (electronic) wave function of the
system as a single Slater determinant containing one-electron orbitals [7]. In Hartree-Fock
self-consistent method for calculating the electronic states of many-electron systems, we
have also explained the Hartree-Fock Roothaan vananonal procedure and the Mﬂllcr-
Plesset perturbation theory (MPs). In Hartree’s self- tent field (SCF)

for many electron system, it is assumed that the motion of each electron in a central field,
produced by the mucleus , and the spherically averaged pofential fields of cach other
electron is governed by a wave equation. Self- of
electronic charge distribution with its own electronic field leads to a set of coupled
integro-differential equations (Hartree’s equation) for N one-clectron wave functions.
Slater and Fock improved a formalism which represents the atomic wave function by a
determinant built of atomic spin orbitals and is thereby consistent with the Pauli principle.
Taking the wave function of many-electron system as Slater determinant, the missing term
in Hartree’s SCF model (i.c., exchange interaction) can be taken into account in the
Hartree-Fock approximation. Application of the variational principle to a Slater
determinant leads to a set of N coupled equations, known as Hartree-Fock equations [8].
As the anti-symmetric product of one-electron wave functions is used in the Hartree-Fock
approximation, it takes into account of the correlation arising due to electrons of the same
spin, however , the motion of the electrons of opposite spin remains uncorrelated. In
general, the spin orbital restricted closed-shell formulation; by replacing the spin orbitals
with a set of restricted closed-shell spin orbitals. Then a basis set is introduced and it
converts the spatial integro-differential closed-shell Hartree-Fock equations to a set of
algebraic equations, known as Roothaan equations [2].

Hartree product does not satisfy the antisymmetric principle. In order to fulfil the
antisymmetic principle, the wave function for N-electron system is taken in the form of
Slater determinant [9] as follows,

¥lx,.x,,
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on‘l‘(x X, -«.XN)=\x.xwx,x»»-»x)
where, —/— N is a normalization constant.

x(x) = ¥(r)a(w)
and x(x) = (r)P(w)
the Hamiltonian for N electron and M nuclei system can be written as,
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1. GROUND STATE ENERGY OF Li ATOM USING GAUSSIAN
SHELL ORBITALS (GSO)
The first principle fons to study the ion of lect
systems have been performed using the basis sets like Slater type orbitals (STO), Gaussian
type orbitals (GTO) and single-center Gaussian shell orbitals (GSO) [4]. The Gaussian
shell orbitals (GSO) are defined [4] as
®n,Lm,cpir)=Nr*'e " Y, (6.9)
where r, 6, ¢ are the spherical polar coordinates describing the electronic configuration, n,
1and m are the principal, the orbital and magnetic quantum numbers respectively, N is the
normalization constant and « and p gives the distance from the center to variationally
scaled spherical shell. The optimazitation of the variational parameters (a, p) of Gaussian
shell orbitals has been done by minimizing the following energy expression

(U]
(0lo)

where H is the Hamiltonian which consists of the kinetic energy of the electrons relative to

the stationary nucleus, the energy due to the Columb attraction of the electron and nucleus

and the energy due to electron-electron repulsion and @ is single-center Gaussian shell

orbitals. As different combinations of the variational parameters « and p satisfy the

condition of energy minimization, we have used the virial theorem to optimize the value of

aand p.

Actually the Gaussian shell orbitals are hybrids of Gaussian and Slater orbitals [4].

The STO is linear exponential functions of the radius r and can be write as
x(n,Lm,r)=Ar"" e Y, (0,0)

where T is the variatiional parameter and A is the normalization constant. And the

Gaussian  type orbital (GTO) is the quadratic exponential function of r

&n,Lm,osr)=Br*'e " Y, (60,4)
where « is variational parameter and B is the normalization constant. Using error
functions [5] we can solve the Eq. (1).

E= (1)

Fig. 1. Lithium atom in the ground state

where, M, is the ratio of the mass of the nucleus A to the mass of an electron, and Z, is
the atomic number of nucleus A. The first and the second terms in Eq. (6) represents the
kinetic energy of the electrons and nuclei, respectively, the third term represents the
Coulomb attraction between electrons and nuclei, and the fourth and fifth terms represent
ths r:pu]smn between electrons .md belween nuclei, respectively. Using the Born-
the of the system is given o be,
N1 N Mz N N
= —V?-Z PR YR Y )

i =l A=1T, i=l il

The last term of Eq.(6) is neglected because the addition of a constant term does not
change the eigen function.

Hartee-Fock method looks for those orbitals 7, that minimize the variational energy

integaal Eq. (1) and each orbital is taken to be normalized i.c.. (¢[) = 1. Then using Eq.
(1) and Eq. , we get

N 1 N N
E=(WH|¥)- Eh,_ﬁ— 22, - Ky) o)
a:lbn
where, by, = (x,[n(Dlx,)
= _ﬁr“{’;(rl)(-%vf -E)‘i’u(r‘), is the average kinetic and nuclear
5

attraction energy of the electron described by the wave function P/, (r,):
o= <xaxb‘xn x.,>

= firnde|[¥ ()

i is the classical repulsion between the charge

2 2
clouds ‘\I‘, (rl)‘ and ‘\P‘, (f;)‘ . and is called the Coulomb integral or the electrostatic

repulsion potential which arises due to electron b when its position is averaged over the
space.

Ky = <xnx xbxa>
1
= findr, w,(y ), (fz)fq’b('z)‘yn (r,): is called the exchange integral, which
12
arises due to the asymmetry of the total wave function, and requires the spin of clectrons a
and b to be parallel.
For atoms and molecules with the closed shell configuration, the energy expression Eq. (8)
can be written as,
E=22p,+ X ZQ2J, -Ky)
a a=1b=1
Minimizing E[{y,}] with respect the spin orbitals, subject to the constraint that the spin
orbitals remain orthogonal.

The non-relativistic Hamiltonian of the lithium atom (Z=3) within the Born-Oppenheimer
approximation in atomic units (i.c., ¢=1, h=I,m=1) can be expressed as

Hoe (0 V2 V)= (e e e )

where the first, second and third term represent the kinetic energy of the electrons relative
to stationary nucleus, the energy due to Columbic attraction of the electron and the nucleus
and the energy due to Columbic repulsion between the electrons respectively.

In the ground state of the lithium atom, there are two electrons in the I orbital and one
clectron in the 2 orbital. For the clectrons in Is state n=1, 1=0 and m=0, the wave
functions in terms of the Gaussian shell orbital can be expressed as

a(i-p)’

=——c

and @,

And for the electrons in 2s state n=2, 1=0 and m=0, the wave functions in terms of the
Gaussian shell orbital can be expressed as
1 I
o, = et
4nG
Using time
Eq. (1), we get
= (¢lHjo) @
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wave function ® and

wave equation,
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1TKREUTeS REAETe
G, =Ir"e'“"'”’2dr PE,=! —%
3G .
PE—— Py = (9fr.]9)
=04,
wave function for (IEPE); = %(ﬁ)m(l)% 3) =4 Md,u(3)) ®
wave function for (IEPE),; = %(¢\n(y(2)¢zm (3)+0,,,(2)9,,,(3)) @

The choice of  as given in Eqs. (3) and (4) is due to the fact that the Pauli principle
requires that the orbital part of the wave function be antisymmetric/symmetric for
electrons with parallel/antiparallel spins [6].

(1), ) = :Elaba 7M) ®

N
where, F(1) = h(1)+ 2{J, (1)~ Ky (1)} is known as the Fock operator. Eq. (9) are
b=1
known as the Hartree-Fock equations. Using Hartree-Fock orbitals ; = 2.C,; 0,
.

where i =1,2,.. K and spatial integro-differential equation, we get
EFWC =g ZSWC i=1,2, ..k (10)
where,

S, = firo, e, (). &

Eq. (10) are known as Roothan equations.

F, = fir o, OF(Dg, (1)

1v. CORRELATION METHODS

The Moller-Plesset (MP) perturbation theory adds higher excitations to the Hartree-Fock
theory as a non-iterative correction. It begins with the dividing the Hamiltonian (H) of the
system into two dlfferem pan: [3, 10], as presented below

H +V an

where, Fl, is the unperturbed Hamiltonian which has exact solution and Vis a small

perturbation applied to I, which can be cxpanded in terms of some real perturbation
parameter A as,
=AY + XA + XA + .. (12)

The assumption that V is a small perturbation to H, , suggests that the perturbed wave

function and energy can be expressed as a power series in terms of the parameter A, due to
the addition of the small correction terms, i.c.
W=y O 2@ 4 3@ (13)
=EO+NEY +XEP+NEC +.. a4
Substituting the perturbed wave function and energy into the time independent
Sehrondinger wave equation,
Ay - EY as)
we get,
(A, + V) =B
(11, + V)@ + 0P 229 + )

:(E“"+7JE") SRE? +. PO £ g 1 p2p@ +)
(16)

Equating the coefficients for equal power of A, on both sides of Eq.5 we obtain the

following relations,

Zero order:

or,
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