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Principal parameters of PF and PF-AR

PF PF-AR
Ener gy 2.5 GeV(3 GeV) 6.5 GeV (5 GeV*)
Natural emittance 36 nm.rad 293 nm.rad
Cir cumference 187 m 377 m
Harmonic number 312 640
Natural bunch length 10 mm 18.6 min
Stored current 450 mA 60 mA (70 mA*)
Number of bunches 280 1
Beam lifetime 60-70 h (450mA ) 12 h{(60mA)

*Two bunch operation at 5 GeV for medical applications



Brilliance (photons/sec/mmz/mradz/ﬂ.1 %b.w.)
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Polarization switching LS
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New injection scheme
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Top-up (schedule)
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Number of active proposals and registered users
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Beam lines and staff

740 active proposals o
3150 users 500 to 600 publications

In FY2007 each year since 1995

63 (53 independent) stations (including 6 PRT stations)

39 beam line scientists (total of 56 including 17 technical staff)

Photon Factory Review 2006
There are too few scientists supporting too many beam lines. The number
of beamlines needs to be reduced but against the background of a well-
conceived strategic plan that focuses on a relatively small number of
carefully selected areas of excellence.
The Committee in 2006 suggested that a reasonable number of
beamlines for a facility of the scale and scope of the PF might be around
30-40 and there could be around 5-10 selected areas of excellence.

IZ> The action plan: DECREASE BY 9 stations (-27 +18)




Photon Factory: three-tier system for further developments

4 Areas of Excellence )

Strongly-correlated electron systems
Materials under extreme conditions
Novel material device
Environment, energy and rare materials
Structural biology of large molecular machinery

Chemical reactions /

Exp stations:
New & relocation: 18
Decommissioning: 27

ight Source ana

Beam Line o )
Developments Facility Operation
- - New PRT system
Time domain and '
coherence towards Education BL

he next light source




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

1. Areas of Excellence

A)
B)

C)

Strongly-correlated electron systems

Materials under extreme conditions (eg., earth
science)

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

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

Structural biology of molecular machinery

Chemical reactions: from fundamentals to
applications



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

2. Light Source and Beam Line Developments

A)
B)

C)
D)

E)
F)

G)

H)

Time-resolved experiments

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

(In-situ or operand) Characterization with multiple
techniques

R&D for exploitation of coherence using future
light source

Detector developments (APD array and PAD)

Use of microbeam (eg. BL1, BL17
microdiffractometers)

Insertion devices (short gap undulators, fast
switching polarization)

Electron beam stabilization and top-up operation



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

3. Facility Operation
A) Human resource development
B) Collaboration with overseas facilities

C) Novel schemes for beam line operation
— Beamlines coupled with university education
— Establishing a new PRT system
— Industrial use and collaboration

— BL evaluation scheme distinct from the Areas
of Excellence activities



Photon Factory New Group Structure (April 2007 ~)

ERL Office Structural Materials Science Structural Biology Research Center

Research Center (April 2009)

Experiments :
Division PF Directorate
Materials || Electronic Life Structural Future SR BL User
Chemistry || Structure || Sciences Materials (imaging & Engineering, Support
Science dynamics) Technical and
Services & Disseminat
Radiation Structural Safety ion
Biol Biolo
10709y 2l Imaging Dynamics
Light Source Division PF Directorate
Il
Magnet & RF Vacuum & Beam Insertion Future Light
Orbit Beamline Instrumen- Devices Source

Front Ends tation
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* All numbers are written in USD.
The conversion rate is 1 USD = 100 JPY.

FY 2007 \ \ \ \
name aroup theme amount requested amount distributed
FY 2007 |FY 2008 |total FY 2007 |FY 2008 |total
Ryuichi Kato Life Sciences ?Siii:‘;;‘l Z‘;:g;’ol P\:g:tsf;n::g:t?:irl;lnSe—Carl]sE:m by 70000 8000 15000, 7,000 8000 15000
The structure and decay dynamics of highly excited
Yoshiro Azuma Electronic Properties atoms and molecules studied by radiative life—time 33,300 15,300 48,600 25,000 0 25,000
measurements and metastable atoms detection.
Spin dynamics of nano magnets using
Kanta Ono Electronic Properties|synchronization between electric current and 20,000 15,000 35,000
synchrotron radiation
Masato Kubota |Electronic Properties 2gnetism of ferromagnetic thin film studied by X= 70,000 25000 30,000 55000
ray scattering measurement
total 77,0000 53,000 130,000
FY 2008
name group theme amount requested amount distributed
FY 2008 |FY 2009 |total FY 2008 |FY 2009 |total
Technical Services & Development of sub—nanosecond pulse—width
Shunji Kishimoto [Safety/Future SR |electronics for X—ray array detectors using silicon 30,800 28,000 58,800 0 28,000 28,000
(imaging & dynamics)|avalanche photodiodes
Study of electronic states, local electronic states
Kazuhiko Mase Electronic Properties/and dynamics induced by electronic transitions of 55,000 5,000 60,000 25,000 5,000 30,000
organic thin films using VUVSX synchrotron radiation
Kaoru Iwano Electronic Properties| C 2 fcation of various phases of molecular solids 30,000, 30,000, 60,000 9,000 0 9,000
based on the first—principles calculation
Tsukasa Miyajima |Magnet & Orbit Study of beam dynamics and operation for energy 38,0000 3400/ 41,400| 27,000 0 27,000
recovery linac injector
Masahiko Hiraki  |Life Sciences Upgrade of sample exchange robots and 4400 9,000 13400| 4,000 6,000 10,000
improvement of compatibility
Noriyuki Igarashi |Life Sciences Development of the ofservation system for micron= | 4 44, o 10,700 8000 0 8000
size protein crystals
Naohiro Matsugaki |Life Sciences Realtime evaluation of micro-orystals using X-ray | 4 999/ 10000/ 21,000 6000 5000 11,000
HARP detector
Yasunori Tanimoto,|Vacuum & Beamline |Research on synchrotron radiation induced
Tohru Honda Front Ends activation of non—evaporable getters 54,500 0 54,500 18,000 12,000 30,000
total 97,0000 56,000 153,000
FY 2007 77,000
yearly |FY 2008 150,000
total [FY 2009 56,000

283,000
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Renewal of Beamlines

VSX-ID/X-ID /Bend

FY commissioned decommissioned
2002 |NW12A
2003 |BL-5A BL-28A, 28B
2004 |BL-28A BL-17A, 17B, 17C, 18B
2005 |BL-17A, 18B, NW14A, BL-12B, 10B, 6B, 6C

NW10A

2006 |BL-28B, 3A, 6C BL-16A, 3A, 3C1, 3C2

2007 |BL-16A BL-16B

2008 |NE3A, NE1 NE3A, NE1A1, NE1AZ2,
NE1B, NE5A, NE5B

2009 |BL-1A, NE7(9), BL- |BL-1C, 14C1/C2, 134,

14C1/C2,
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5 3[al: 20084F12H16,17H

Questions to ISAC

1) Is the overall strategy and progress of the beam line refurbishment program still
valid and sufficiently efficient?

2) BL16 project: Are the range and choices of sciences covered by the BL16 project
narrow or wide? Are the time-lines and priorities of beam line construction and
commissioning appropriate?

3) How is the progress in establishing the Condensed Matter Research Center? Is it

focused enough, the selection of the fields appropriate, and team
arrangements?

4) Are the new schemes proposed for user-operated beam lines reasonable?

5) Are we moving in the right direction by establishing education-oriented beam
lines and a beam time allocation scheme?

6) Is the progress of the compact ERL development fast enough?

Are the efforts on developing ERL science case (both cERL and the high energy
ERL) satisfactory? Are there any important areas of science being neglected?

7) Is the proposed management scheme for FY2009-2011 reasonable and workable
for the next three years?

8) Are there any other critical factors to be considered concerning the merger
between the Machine Division with the KEK Accelerator Laboratory, which is
being discussed?
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2006) :
Keith O. Hodgson | >
Volker Saile : 4
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Neville Smith  E— i
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TEF 1% : Electronic structure (solid state, gas phase physics, & theory) 2008%2H27, 28H
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March 4, 5, 2009
Questions to Life Science Subcommittee

Are the scope and strategies of the Life Science Group and the
Structural Biology Research Center suitable in the domestic and
international contexts of SR research?

The BL instrumentation and user operation

A) Are the scope and strategy of BL instrumentation developments
satisfactory?

B) Staffing issues: Is the level of user support sufficient?

C) Is the balance between academic and industrial use appropriate?
D) Are we open enough to overseas users?

E) Cooperation and competition with SPring-8 and others

Assessment of science outputs from users (including the level and
impacts of the scientific presentations)

External grants: is the future secure”? How much should we expand the
industrial use?

Is the synergy between the in-house structural biology research and the
BL developments/operation effective?

Is the cooperation between structural biology and radiation biology
within the LS group satisfactory? Should we seek common science
projects?

Should we emphasize more the future directions in the biological SAXS
activities in PF in terms of support and developments ?
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@ Photon Factory

Third Photon Factory ISAC Meeting

Executive Summary and Closing Remarks

K. Hodgson, Committee Chairperson

December 17, 2008



@ Photon Factory
ISAC Committee Members*

— 3"d |[SAC Meeting — December 16-17, 2008

E. Fontes — Cornell University

H. Fukuyama — Tokyo University School of Science
E. Gluskin — Advanced Photon Source

K. Hodgson — Stanford University, Chairperson

|. Lindau — Stanford University
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@ Photon Factory

Question 1 — Overall strategy and progress of BL
refurbishment program

* Decommissioning of 27 less active beam lines and implementation of 18
new beam lines in Phase | is progressing very well.

* The use of the long IDs for SXR beam lines is providing competitive
performance to other 3@ generation sources and will serve the Japanese
SXR community.

* ISAC appreciates the effort of PF management and PF staff to
aggressively pursue this program which was endorsed 3 years ago
especially in light of limited manpower and funding.

* ISAC remains concerned about the ratio of staff scientists to number of
beam lines and end stations and urges that PF and KEK management
seek every means to improve this situation.



Question 2 — BL 16 @ Photon Factory

* ISAC is very pleased to learn about the great progress for BL16 with the
first beam with the new Applell undulator in May,2008 and open to the
user community in October, 2008

* ISAC congratulates the PF management for being successful in getting
external funding from MEXT for the second undulator that is expected to
be implemented in 2010 for fast polarization switching.

* Dr. Amemiya showed excellent performance characteristics for the beam
line and impressive first scientific results. With the second undulator in
place, this beam line will be of world class and position PF to deliver world
leading research in this important area of SXR science.

* The BL is an example of focused effort in areas of excellence at PF and in
Japan: surface interface science and correlated materials.

* The BL has five advanced experimental stations that will require extensive
report to serve the user community efficiently; therefore, ISAC feels that
close attention should be paid to the need for adequate staff support.

* Dr. Amemiya is an excellent leader for this effort and has implemented
novel concepts for this BL.



QueStion 3 - CM RC High Energy Accelerator Ressarch Organzation (KE)
Photon Factory

* ISAC applauds the IMSS management for very aggressively pursuing the
strategy to plan for the implementation of the second research institute in
materials science. An outstanding Director-designate has been recruited.

* ISAC was pleased to hear from the designated director Prof. Murakami
and was impressed with his vision for the CMRC. Providing expedient
access for users to the integrated tools of CMRC will be highly attractive.

* |SAC felt that the 4 areas chosen for the scientific focus were excellent
and mapped well to strengths at IMSS, PF, J-PARC and more broadly in
Japan. ISAC did note that in the area of high pressure science, there was
already a world leading effort at SPring-8 and attention should be paid to
complementarity with those efforts.

* IMSS management is strongly encouraged to hire the additional new staff
members that will help make all four planned areas in the Center a
success. We also note the important role that theory will continue to play
in this area and suggest that a plan be developed to provide theory
support and integration with the experimental program.



@ Photon Factory
Questions 4 and 5 — New Schemes and Education

* ISAC supports the plan presented for user-operated beam lines. This
represents a positive transition from an informal agreement with users to
forming Working Groups that have a formal contract with the PF and are
embedded in the User Groups of the PF Users’ Society.

* The proposed evaluation process is critical to the success of this concept
and it is essential that the PF maintain oversight.

* The WGs which are an integrated part of the User Groups are responsible
for the scientific quality and support and education but it is again essential
that PF provide oversight and review of this aspect.

* ISAC notes that this scheme with the WGs should not be used to
postpone the decommissioning of non-productive BLs. ISAC notes that
there will still be some effort required from the PF scientific staff for this
scheme to be successful and provide the local contacts.
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Question 4 and 5 - Education @ Photon Factory

* The proposed educational-related BL operations could provide an
important addition to the PF in light of its National role in education by
augmenting BL operations in a WG type concept, opening PF scientists
additional career opportunities in academia, attracting bright students,
developing important new courses for education and possibly providing
access to additional funding sources.

* Based on experience at many other SR facilities, ISAC is somewhat
concerned about the effectiveness of the proposed approach to beam
lines and beam time for university education. For certain, PF would need
to identify a person(s) as being responsible in PF.

* In such a scheme, at least a the beginning the load on the PF staff is likely
to be very high by preparing written documents, by teaching and by
supporting the logistics. The attractiveness to university professors and to
the students needs to be evaluated.

* In the proposed scheme it is not yet clear if a lab course type concept or
individual training is envisioned. Other innovative concepts, like robotics
and remote access should be considered as a part of this scheme.

* ISAC is concerned about the viability of the proposed operation of BLs by
university staff including support to external users.



Question 6 - Compact ERL @ Photon Factory

* ISAC acknowledges excellent process in completing and publishing the
CDR for the compact ERL, developing internal and external collaborations,
and developing critical technologies.

* ISAC feels that the multi-year schedule for construction and
commissioning of the CERL is too long. A goal to start commissioning all
aspects of CERL beginning in late 2010 should aggressively pursued.
The scientific user program for the CERL should be developed in parallel
but should have lower priority than verifying the performance of the critical
accelerator technologies.

* The scientific case for CERL is unique but cannot replace the
opportunities provided by PF and PF-AR. It is important to note that a
main initial purpose is to develop critical accelerator technologies needed
for the larger 5 GeV ERL. Option should be maintained for future upgrade
of CERL to provide access in the VUV range.



Question 6 — 5 GeV ERL g Photon Fa°t°ry

* |ISAC stress that the development of the science case for the x-ray ERL
has really only just begun. The process of organizing workshops,
identifying grand scientific challenges that can be addressed by an ERL
light source, and gathering input from a wide community of potential users
will lead to a successful plan. ISAC endorses this strategy.

* The ERL project office should be commended for assembling a
“brainstorming committee” that includes scientists who are experts in a
wide variety of fields from both within and outside of KEK. This committee
should make an integral part of the ERL project planning for the CDR of
the 5 GeV machine.

* The ERL project office should use this process to help identify critical x-ray
optics, beam line, sample handling procedures, detector and data
collection strategies that are missing at present but will be needed for
frontier experiments.



@ Photon Factory

Questions 7 and 8- Management Scheme and
Merger

* Regarding the plan for a new deputy director and simultaneous
appointment of the management team for 3-year terms, ISAC is fully
supportive and endorses this approach.

* ISAC sees that photon science is an integral part of technical and
scientific activity on the KEK campus and contributes significantly to the
overall success and reputation of the National laboratory.

* In the near term, construction of the compact ERL has to have extremely high
priority for KEK to provide opportunity for a long term, internationally competitive
future for photon science on the KEK campus. Success in this endeavor will
provide the platform to develop the world’s first 5 GeV x-ray ERL.

* Successfully accomplishing this major goal will require a broad and integrated
effort on the KEK site.
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Questions 8- Machine Division @ Photon Factory

« ISAC recognizes possible significant benefits for both, PF user community and
KEK-PF staff, from the proposed merger of the PF Light Source Division into
the KEK Accelerator Laboratory where it would become Division #5. This move
will definitely enhance KEK ability of better coordination of new accelerator
projects, such as ERL prototype, as well as future large-scale 5GeV ERL-type
SR source. And therefore ISAC strongly endorses the merger.

« At the same time ISAC strongly recommends to set-up a mechanism that would
preserve high standards of the operation culture established in decades by PF
accelerator Division and strongly required by the PF user community. One
possible path to such preservation could be chosen by setting up yearly
operational goals for both PF storage rings, such as: more than 4000 hours with
less than 3% downtime for PF SR and less than 6% downtime for PF-AR.
These goals should become true measure of effectiveness of the KEK
operation and be considered as top priority items on KEK DG priority list.

« The proposed merger would set up a system of business relationships within
KEK quite similar to one that already exists. That is the Accelerator Laboratory
and Particle Physics Institute. ISAC recommends to PF management to analyze
the history and the status of existing system, extract constructive lessons from

that and try to avoid obvious mistakes in the reorganization.
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Other Conclusions and Comments @ Photon Factory

* The progress in the implementation of the top-up mode was relatively
modest in the past year. Hopefully during the forthcoming winter
shutdown majority of preparation for the top-up mode of operation of PF
storage ring would be completed and PF would be able to start delivering
constant current beam in the next FY. ISAC strongly endorses this
transformation to become available to PF users in the nearest future.

* ISAC continues to strongly endorse the efforts to identify outside sources
of funding. Examples of success like those in the Structural Biology
Center leverage tremendously on the PF budget and add significant
scientific and technical opportunities.

* We endorse the implementation of a 3-year rotation scheme and urge
that the next meeting date in about 9 months be established very soon.

* Thank you to IMSS and PF staff for excellent help and organizational
support to enable a most successful meeting.
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Question 1 — Are the scope and @ Photon Factory
strategies of the Life Science Group and the Structural
Biology Research Center suitable in the domestic and
international contexts of SR research?

* The overall scope of the structural biology science program is well
targeted and if successful will continue to be internationally competitive.
The SBRC has made an incalculable contribution to structural biology in
Japan.

* The chosen beam lines and technical developments will meet the
anticipated academic and industrial needs in Japan and Pacific Rim.

* The overall strategy to address science needs of the community is
excellent. There is a good balance of high throughput production facilities,
cutting edge technologies (e.g. microfocus) and a strong desire to
embrace the emerging importance of SAXS and an important tool for
discovery in structural biology.

* There is a healthy mix of academic (national and international) and
industrial research. Excellent collaborations have been chosen to support
the R&D.



Question 2 ~ BL instrumentation f@ Photon ,_-actory
/user operation — 1

* We find that the beam lines and instrumentation are excellent and provide
capabilities that with some additional improvements will be world class
(integrated user interface, including capabilities for effective remote
access and automation). PF is encouraged to make maximum advantage
of developments in other laboratories to augment in-house developments.

* At the current time, the BL staffing level is just on the margin. Additional
BLs or capabilities that depend heavily on staff (eg. microfocus) could
make the situation very difficult. It will be exceedingly important to make
priorities so as to maintain staff motivation and commitment. This also
could impact the level of user support.

* The coordination with SPring-8 on the microfocus beam lines is positive.
We encourage interaction between the two facilities so as to provide
maximum technical benefit and complimentarity for the users.



High Energy Accelerator Research Organization (KEK)

Question 2 - BL instrumentation @ Photon ‘Factgt’y
/luser operation - 2

* Increased collaboration with SPring-8 is encouraged as the geographical
location of users becomes less relevant.

* We recognize the important role that PF plays in supporting science in the
Pacific Rim and in regional coordination. There is the opportunity to
increase this role through the use of remote access.

* In the Radiation Biology area, there is a lack of critical mass to be really
effective. This situation needs to be addressed strategically. There are
strengths in using SR for radiation biology. However, realignment within
the context of the structural biology program offers an important
opportunity.

* Radiation Biology has been an area of uniqueness for PF and is
complimentary to efforts at SPring-8.



Question 3 - Assessment of E Ph°t°“ Factory

science outputs from users (including the level
and impacts of the scientific presentations)

* We found that the overall quality of the science presented in the structural biology
area was excellent and is supported by a number of high profile, high impact
publications.

* The number of publications (aggregate) across the beam lines seemed somewhat
low. Partly this could be beam line performance and this should improve as beam
lines are further developed. It may in part be driven by focusing on challenging
problems. Consideration might be given to high throughput screening facilities to
maximize utilization of the undulator beam lines for data collection..

* |tis important to continue the interactions with the user community so as to
optimize resources to best meet their needs while identifying new directions for the
future.

* The scientific output from radiation biology is modest, nationally competitive, and
mainly in specialized journals. This is because the technological sophistication of
the beam line has not been exploited sufficiently by focusing on cutting edge
questions.

* The radiation biology microbeam development is just ongoing and has potential to

provide interesting scientific information.



Question 4 - External grants: @ Photon Factory
is the future secure? How much should we expand
the industrial use?

* We recognize the importance of the question about long term security of
funding. It is difficult to offer specific advice without knowing the details of
the politics and situation nationally. However, it important to stress that
one can best insure the future success by doing the most outstanding
science and being internationally competitive in the chosen areas.

* Regarding industrial use, expanding this area will further diversify the
portfolio (which can provide some buffer). However, there are downside
risks in associating primarily with one or a few companies, providing
exposure to economic fluctuations.

* A high level of industrial use could have an apparent impact on the overall
perceived productivity and there may be concern that this is not well
acknowledged by the government funding agency.



Question 5 - Is the synergy @ Photon Factory
between the in-house structural biology research
and the BL developments/operation effective?

* In the structural biology area, we find that there is excellent synergy
between the research programs and the beam line developments and that
this research is helping drive excellence in the technical developments.

* One area which may deserve some attention is integration on user
interface side and the down stream data analysis tools.

* The microbeam development on BL27 is a positive advance.
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Question 6 — Is the cooperation E Photon Factory

between structural biology and radiation biology
within the LS group satisfactory? Should we seek
common science projects?

* We observe that there is relatively little synergy between the two groups
and feel that for future success and sustainability of the radiation biology
program, effective integration is essential.

* This area merits a more detailed review and change in direction of the
program to provide added value through research aligned to information
obtained from structural biology (e.g., functional analysis).

* We suggest the PF convene a specific review/taskforce to help develop a
detailed plan to go forward. This external group can help define scientific
opportunities which are relevant in a broader life science context.



Question 7 — Should we @ Photon Factory
emphasize more the future directions in the
biological SAXS activities in PF in terms of

support and developments ?

* We recognize and acknowledge the growing importance of SAXS (and
related techniques using neutrons) to addressing the most challenging
problems in structural biology.

* We emphasize that while this is a very important development for
structural biology at PF, it is essential that additional, new scientific
leadership be recruited.

* The plan to have a shared use high brightness beam line and a dedicated
solution scattering beam line is a good strategy. However, this requires
significant new resources to be effective (including the leadership
mentioned above). PF management should carefully consider the plan
and prioritize based upon resources likely to be available. The third beam
line should probably be lowered in priority or possibly dropped.

* Itis important to emphasize the synergistic opportunities that occur
between crystallography and SAXS experiments.



Question 7 — Should we @ Photon It-'actgs;)y
emphasize more the future directions In the
biological SAXS activities in PF in terms of

support and developments? - 2

* We observe that creating a cutting edge SAXS capability could be
complimentary to efforts at SPring-8 and create a unique capability and
national resource. High quality solution SAXS is not dependent upon
ultimate brightness.

* We encourage PF to develop strong collaborations nationally and
internationally to develop an outstanding program.

* This is an excellent area as for challenging and engaging opportunities for
scientific staff development.



Photon Factory

* We recognize the remarkable advancements and achievements in the
SBRC over the last few years. The leadership of Soichi Wakatsuki and a
talented team of scientists has been a crucial and central element in this
success. The structural biology program is one of the cornerstones of
photon science at KEK.

Other Conclusions and Comments @ i Erry et oGt

* The Committee feels that technology development could perhaps be
focused in fewer areas where there is real opportunity for innovation.
Collaborations with strong outside groups would strength other areas (eg.
detector development). It is important to choose fewer areas and be
outstanding than to seek to cover the entire spectrum. This is especially
true in times of constrained or declining budgets.

* We strongly encourage all means to continue to train and educate the
users of the facility and take advantage of the PF unique facilities for
educational benefit in the universities. This brings mutual benefit by
engaging outside experts.

* We emphasize the need to carefully prioritize the developments and
plans for future directions in accordance with current and projected
funding and other resources while maximizing scientific impact.





