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Preface to the Series 

The RIKEN BNL Research Center (RBRC) was established in April 1997 a t  
Brookhaven National Laboratory. It is funded by the "Rikagaku Kenkyusho" (RIKEN, 
The Institute of Physical and Chemical Research) of Japan. The Center is dedicated to the 
study of strong interactions, including spin physics, lattice QCD, and RHIC physics 
through the nurturing of a new generation of young physicists. 

The RBRC has both a theory and experimental component. The RBRC Theory 
Group and the RBRC Experimental Group consists of a total of 25-30 researchers. 
Positions include the following: full time RBRC Fellow, half-time RHIC Physics Fellow, 
and full-time, post-doctoral Research Associate. The RHIC Physics Fellows hold joint 
appointments with RBRC and other institutions and have tenure track positions at  their 
respective universities or  BNL. To date, RBRC has -50 graduates of which 14 theorists 
and 6 experimenters have attained tenure positions at  major institutions worldwide. 

Beginning in 2001 a new RIKEN Spin Program (RSP) category was implemented 
at RBRC. These appointments are joint positions of RBRC and RIKEN and include the 
following positions in theory and experiment: RSP Researchers, RSP Research 
Associates, and Young Researchers, who are mentored by senior RBRC Scientists. A 
number of RIKEN Jr. Research Associates and Visiting Scientists also contribute to the 
physics program at the Center. 

RBRC has an active workshop program on strong interaction physics with each 
workshop focused on a specific physics problem. Each workshop speaker is encouraged to 
select a few of the most important transparencies from his or  her presentation, 
accompanied by a page of explanation. This material is collected at the end of the 
workshop by the organizer to form proceedings, which can therefore be available within a 
short time. To date there are eighty-three proceeding volumes available. 

A 10 teraflops RBRC QCDOC computer funded by RIKEN, Japan, was unveiled 
at a dedication ceremony at BNL on May 26,2005. This supercomputer was designed and 
built by individuals from Columbia University, IBM, BNL, RBRC, and the University of 
Edinburgh, with the U.S. D.O.E. Office of Science providing infrastructure support at 
BNE. Physics results were reported at  the RBRC QCDOC Symposium following the 
dedication. QCDSP, a 0.6 teraflops parallel processor, dedicated to lattice QCD, was 
begun at  the Center on February 19, 1998, was completed on August 28, 1998, and was 
decommissioned in 2006. It was awarded the Gordon Bell Prize for price performance in 
1998. 

N. P. Samios, Director 
March 2007 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-ACUZ-98CH10886. 
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RBRC Scientific Review Committee Meel 

November 5-6,2007 

Brookhaven National Laboratory, Upton, NY 11973 

The ninth evaluation of the RIKEN BNL Research Center (RBRC) took 
place on Nov. 5-6, 2007, at Brookhaven National Laboratory. The 
members of the Scientific Review Committee (SRC) were Dr. Jean-Paul 
Blaizot, Dr. Wit Busza, Dr. Akira Masaike,, Dr. Alfred Mueller, Dr. 
Charles Young Prescott (Chair) and Dr. Akira Ukawa. We are pleased that 
Dr. Yasushige Yano, the Director of the Nishina Institute of RIKEN, Japan 
participated in this meeting both in informing the committee of the 
activities of the Nishina Institute and the role of RBRC and as an observer 
of this review. 

In order to illustrate the breadth and scope of the RBRC program, each 
member of the Center made a presentation on hisher research efforts. This 
encompassed three major areas of investigation, theoretical, experimental 
and computational physics. In addition the committee met privately with 
the fellows and postdocs to ascertain their opinions and concerns. 

Although the main purpose of this review is a report to RIKEN 
Management (Dr. Ryoji Noyori, RIKEN President) on the health, scientific 
value, management and future prospects of the Center, the RBRC 
management felt that a compendium of the scientific presentations are of 
sufficient quality and interest that they warrant a wider distribution. 
Therefore we have made this compilation and present it to the community 
for its information and enlightenment. 

We thank Brookhaven National Laboratory and the U. S. Department of 
Energy for providing the facilities to hold this meeting. 

N. P. Samios 
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RiKEN BNL Research Center 
Building 510A, Brookhaven National Laboratory, Upton, NY 11973 USA 

Agenda 

Brookhaven National Laboratory, Upton, NY 
Physics Department, Building 510 

Large Seminar Room 
November 5 and 6,2007 

Open Sessions 

Committee Members 
Jean-Paul Blaizot C.E.A. - Saclay 
Wit Busza MIT 
Akira Masaike JSPS, Washington, D.C. 
Alfred Mueller Columbia U 
Charles Prescott Chair SLAC 
Akira Ukawa U. of Tsukuba 

Monday, November 5.2007 

8:OO AM - 9:00 AM Open Executive Session & Working Breakfast 
(Room 2- 160) 
(Presentations by RIKENRBRC Administration) 

THEORY GROUP PRESENTATIONS 
LARRY MC LERRAN, CHAIR 
LARGE SEMINAR ROOM, BLDG 510 

Talks by Fellows 

9:00 AM - 9:15 AM Sinya Aoki: Nuclear force from lattice QCD 

9:15 AM - 9:30 AM Shigemi Ohta: Nucleon structure from lattice QCD 
with 2+1 dynamical domain wall fermions 

9:30 AM - 945 AM Yasurnichi Aoki: Hadronic matrix elements with 2+1 
flavor domain fermions 

9:45 AM - 1O:OO AM Taku Izubuchi: Lattice QCD with Theta Terms 

1O:OO AM - 10:15 AM DerekTeaney: Quark Energy Loss 

10:15 AM - 10:30 AM Kirill Tuchin: Scale anomaly in QCD at zero and 
finite temperature 
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10:30 AM - 10:45 AM Denes Molnar: Determining the shear viscosity of 
dense QCD matter at RHlC 

10:45AM - 11:OOAM Break 

11:OO AM - 11 : I5  AM Rainer Fries: Probing Hot and Cold Nuclear Mater 

11:15 AM - 11:30 AM Feng Yuan: Spin structure functions 

11 :30 AM - 11 :45 AM Cecilia Lunardini: Neutrino Astrophysics 

THEORY GROUP PRESENTATIONS 
ANTHONY BALTZ, CHAIR 
LARGE SEMINAR ROOM, BLDG 510 

Talks by Postdocs 

11 :45 AM - 1200 PM Tomomi Ishikawa: Phase structure of huisted large 
N reduced model 

12:OO PM - 1215 PM Agnes Mocsy: Heavy quark bound states at finite 
temperature 

12:15 PM - 1230 PM Adam Lichtl: Excited resonance physics from the 
lattice 

12:30 PM - 1245 PM Yoshimasa Hidaka: Real time behavior of the Quark 
Gluon Plasma 

12:45 PM - 1:00 PM Cyrille Marquet: Particle production in dA collisions 

1:00 PM - ~2:OO PM SRC Executive Session -Working Lunch (Room 2- 
160) 

EXPERIMENTAL GROUP PRESENTATIONS 
HIDETO EN'YO, CHAIR 
LARGE SEMINAR ROOM, BLDG 510 

200 PM - 2:15 PM Abhay Deshpande - Gluon's spin in the proton: 
recent results from PHENlX and the path forward 

2 1 5  PM - 2 3 0  PM Kensuke Okada: Direct photon measurements 

2:30 PM - 2 4 5  PM Patricia Liebing: Delta G from open charm 
DrOdUCfiOn 
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2:45 PM - 3:OO PM 

3:OO PM - 3115 PM 

3:15 PM - 3:30 PM 

3:30 PM - 4:OO PM 

4:OO PM - 4:15 PM 

4:15PM - 4:30 PM 

4:30 PM - 4:45 PM 

4:45 PM - 500 PM 

7:OO PM 

David Kawall: Development of a triggerfor high p-T 
charged pions for PHENlX 

ltaru Nakagawa: Muon trigger upgrade for W boson 
detection 

Atsushi Taketani: Vertex detector for PHENlX 

Break 

EXPERIMENTAL GROUP PRESENTATIONS 
GERRY BUNCE, CHAIR 
LARGE SEMINAR ROOM, BLDG 510 

Matthias Grosse Perdekamp: QCD and 
Transverse Spin -Future Studies 

Yuji Goto: 
RHlC. 

Very Forward Neutron Asymmetry at 

Wei Xie: PHENIX Reaction Plane Detector and its 
Physics lnput 

Yasuyuki Akiba: Heavy /on Physics at PHENlX 

Dinner - Three Village Inn, Stony Brook 
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Tuesday. November 6,2007 

8:OOAM - 9:OOAM 

9:OOAM - 9130AM 

9:30AM - 10:OOAM 

10:OOAM - 10:30AM 

10:30AM - 12:OOPM 

12100 PM - 1100 PM 

1:OO PM - 3:OO PM 

3:OO PM - 4:15 PM 

4:15 PM - 5:OO PM 

Executive Session & Working Breakfast (Room 2- 
1 SO) 

COMPUTING PRESENTATIONS 
N.P. Samios, CHAIR 
SMALL SEMINAR ROOM, BLDG 510 

Norman Christ: RBRC lattice QCD program and 
the Next Computer Project 

Robert Mawhinney: K meson physics with domain 
wall fermions in the chiral limit 

Peter Petreczky: The QCD phase transition and 
equation of state: toward physical quark masses 
and vanishing lattice spacing 

INTERVIEWS (Experimental) - Meetings with 
Individual RBRC Staff (Room 2-78) 
INTERVIEWS (Theory) - Meetings with Individual 
RBRC Staff (Room 2-160) 

Executive Session -Working Lunch (Room 2-160) 

INTERVIEWS (Experimental) - Meeting with 
Individual RBRC Staff (Room 2-78) 
INTERVIEWS (Theory) - Meetings with Individual 
RBRC Staff (Room 2-160) 

Executive Session 

Closeout 



RBRC Scientific Review Committee Membership 2007 

Dr. Jean-Paul Blaizot 
Service De Physique Theorique 
C.E.A. Saclay 
Orme Des Merisiers 
F-91191 GIF-SUR-YVETTE, CEDEX, France 
TEL. 33 169  08 81 19 
FAX 33 1 69 08 81 20 
E-mail: blaizot@saht.saclav.cea.fr 

Dr. Jean-Paul Blaizot 
Director 
European Centre for Theoretical Studies in Nuclear Physics 
Villa Tambosi Strada delle Tabarelle 286 
Villazzano 
Trento 

Italy 

Professor Wit Busza 
M U  
Department of Physics 
24-5 10 
77 Massachusetts Avenue 
Cambridge, MA 02139-4307 

1-38050 

TEL. 617-253-7586 
FAX 617-253-1755 
E-mail: Busza@mit.edu 

Dr. Akira Masaike 
Director, JSPS Washington Office 
Japan Society for the Promotion of Science 
1800 K Street, N.W., Suite 920 
Washington, D.C. 20006 
TEL: 202-659-8190 
FAX: 202-659-8199 
E-mail: masaike@isususa.org 

Professor Alfred H. Mueller 
Columbia University 
Department of Physics 
538 West 120" Street, Mail Code: 5203 
New York, Ny 10027 
TEL 212-854-3338 
FAX: 212-932-3169 
E-mail: amh@uhys.columbia.edu 
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Professor Charles Young Prescott (RBRC SRC Chair) 
Stanford Linear Accelerator Center, MS 43 
2575 Sand Hill Road 
Menlo Park, CA 94025 
TEL 650-926-2856 
FAX: 650-926-3826 
E-mail: prescott@slac.stanford.edu 

Professor Akira Ukawa 
Director of Center for Computational Sciences 
University of Tsukuba 

Tsukuba. Ibaraki, 305-8577, Japan 
Tmodai 1-1-1 

TEL +81-29-853-6485 ' 

FAX: +81-29-853-6406 
E-mail: ukawa@ccs.tsukuba.ac.iD 



RBRC Administration 
Presentations 
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RBRC Scientific Review 
Com mittee Meeting 

RBRC Overview 

Nicholas P. Samios 

Nov. 5,2007 

Brookhaven National Laboratory 
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Activities 
October 10-12, 2005 

0 RBRC Scientific Review Committee Mtg. 

BNL 
Oct. 12, 2005 

RBRC Proposal for 5 year extension of the 
RIKEN BNL Collaboration MOU beyond 

2007 

Committee augmented with Nakai and Ukawa 

1 Dec. 1,2005 
RBRC - Extension Request for RBRC 

Jan. 19, 2006 
Chief Scientist Assembly - RIKEN 

Samios and En’yo Presentation 

Wa ko 
Jan. 2006 

June 29,2006 

RIKEN Executive Director Board 
Recommendation to MEXT 

12th Management Steering Committee 
Meeting 

Video 
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Jan. 15,2007 

T.D. Lee - Recipient of 
Order of the Rising Sun 

Gold & Silver Star 

Tokyo 
Jan. 16,2007 

13th Management Steering Committee 

Tokyo 
Jan. 16,2007 

MOE Extended 5 years - RIKEN-BAL 

Concerning the collaboration on the 
Spin Physics Program at RHIC 

NoyorilRl KEN Aronson/BN L I 
I 

I 

I 
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1 Physics: Major Inputs in 2006 

Quark Matter 2006 Shanghai, China 

RH IC Dominated 

Plenary Talk by RBRC Personnel 

Present & Past 

Hatsuda 
Kharzeev 
Mc Lerran 
Grosse Perdekam p 
Samios 
Son 
Wiedemann 

Plenary Talks by RBRC Scientific Review Committee 

Present & Past 

B I a izot 
Stoecker 



Spin 2006 
Kyoto, Japan 

Plenary RBRC Speaker 
Deshpande 

Invited Parallel Session 

Bunce 
Liebing 
Vogelsang 
Yuan 

Speakers 

Lattice Gauge 2007 
International Conference on 
Lattice Gauge 

Regensburg, Germany 
Organized by T. Wettig 

(RBRC Graduate) 
Major Plenary Talk 
RBRC UK Collaboration 

19 



RBRC Major Physics Interests a 
Spin Structure of the Proton 
High Energy Density Matter 
SQGP 
Color Glass Condensate 
Critical Point 
Lattice Gauge Calculation 
QCDOC; Domain Wall Fermions 

Major Result for Run 6 Spin 

a Spin Content of the Proton 
Gluon Contribution AG 

Plot x2 vs AG 
R&D Next Lattice Gauge Computer 

Columbia, IBM, RIKEN, UK 
Hired Post doc 

Computing: World Ranking LINPAC 

Year QC D OC (8Tf) NY Blue (1 OOTf) 
2006 152 3 

' e 0 0 7  398 5 
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p , I 1  ,6 4, 
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=1.5 -1 -0.5 0 0.5 1 1.5 
1 AG,,,, (Q2=1 GeV2) 
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RHIC nucleon-pair luminosity L delivered to PHENIS 
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RBRC 
Director Emeritus 

6 r e c t o r  
Associate Director 

Theory Group Leader 
Deputy Group Leader 

Experimental Group Leader 
Deputy Group Leader 

T.D. Lee 
N.P. Samios 
H. En’yo 

L. Mc Lerran 
A. Baltz 

H. En’yo 
G. Bunce 

Theory Advisory Committee 
L. Mc Lerran (Chair) 
A. Balk 
M. Creutz * F. Karsch 
M. Gyulassy 
R. Pisarski 

Experimental Advisory Committee 
A. Masaike 
K. lmai 
Y. Makdisi 

QCDOC Advisory Committee 
M. Creutz (Chair) 
R. Pisarski 
S. Aoki * 
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Personnel 
Granted Tenure Since Last Meeting 

S. Bass 
Experiment 
D. Fields 
M. Grosse Perdekamp 

New Appointments (Fellows) 
D. Molnar 
K. Tuchin 
U. Wiedemann 

S. Aoki 
Y. Aoki 
R. Fries 
C. Lunardini 

Graduates to Tenure Track Positions 
C. Dawson 
W. Xie 
T. lzibuchi 
K. Fukushima 

New RBRC Postdocs 
A. Mocsy 
P. Liebing 
C. Marquet 
A. Lichtl 
T. lshikawa 

28 

Mc.Gill 
Duke 

U. of New Mexico 
U. of Illinois 

Purdue 9/05 
Iowa Sate 9/05 
Stony Brook 1/06 - 6/06 
Tenure CERN 
Tsu ku ba 8/06 
BNL 8/06 
Texas A&M 10/06 
Arizona State 10/07 
Stony Brook 10/07 
LBNL 10107 

U. of Virginia 
Purdue 
Kan izawa 
Kyoto 

10/05 
1 /06 
10/06 
10/06 
10106 



Outstanding Junior Investigator Awarc 

RBRC 

5 

2000 D. Son 
2001 M. Stephanov 
200 1 U. van Kolck 
2002 T. Schaefer 
2003 S. Bass 
2005 T. Blum 
2007 K. Orgenos 

(William & May) 
(RBRC/RA 
1012000 - 8/2003) 

2007 D. Teaney 
Arkansadstony Brook 
(RBRC Fellow 
10/7 - present) 

29 



Workshops 
1 Dec. 12-14, 2005 

Heavy Flavor Production and 
HotlDense Quark matter 

Akiba, Huang, 
Rapp, Tuchin, Xie 

Feb. 24-26, 2006 

March 9, I O ,  2006 

Parton Orbital Momentum 

Can we discover the QCD 
Critical Point at RHIC? 

Bunce, Fields, Vogelsang 

Ludlam, Mc Lerran 

RHIC Physics in the Context of the 
Standard Model 

June 18-23,2006 

Deshpande, Kharzeev, 
Ve n ug o pa la n , Vog e lsang 

RBRC Reunion 

Talks by RBRC Alumni, Present 
Staff, and other Distinguished 
Physicists 

I 

30 



July 31 -Aug. 2,2006 
QCD in Extreme Conditions 

Datta, Pisarski, Petreczky, 
Schmidt 
March 15-17, 2007 

Domain Wall Fermions at Ten Years 
Blum, Soni 

Aug. 26-27, 2007 
Parity Violating Spin Asymmetry at 

Grosse Perdekamp, Surrow, 
Vogelsang 

Global Analysis of Polarized Partons 
Distributions in the RHIC Era 
Deshpande, Vogelsang 

Four Workshops in Planning Stage 

RHIC-BNL 

Oct. 8, 2007 

Volumes 78-86 

Oct. - Dec, 2006 
Joint Doctoral Training Program 

ECT and RBRC 
Trento, Italy 

I 
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Friday 

124 
50 

Dther: 
Pu bl ica t io n s : 
Theory: 
Experimental: 

Semi n ars : 
Weekly 
Tuesday Spin 
Wednesday Joint RBRClBNL-HE 
Thursday RBRC Lunch 

Presentation by 
RBRC Physicists 
Joint RBRClBNL-NP 



Looking Ahead 

Proton Spin: Complicated 
AG, Angular Momentum 
500 Gev, W’S 
Hire 3-4 Physicists 

Heavy Ions: d-A Colored Glass Condensate 
AA Heavy Flavors 

Direct Photons 
Critical Point 

RHlC II Higher Luminosity 
Stochastic Cooling 

eRHIC polarized CP 
e A  

Computing Utilizing: QCDOC 
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Heavy Ion Physics at PHENIX 

Y.  Akiba 

RBRC Review 
200711 1/05 

Heavy Ion Physics at RHlC 
* RHlC has produced high density partonic matter 

- Strong suppression of high pT hadrons in Au+Au (jet quenching) 
- Absence of suppression in d+Au 
- Strong elliptic flow in Au+Au 
3 In 2005, RHIC experiments have concluded 

formation of dense partonic maffer at RHlC 

Next step: Detailed study of the newly discovered matter 
- Is the matter de-confined? 
- What is the viscosity of the matter? 
- How hot and dense is the matter? 
3 Measurements of "penerating probes'' such as Jiw,  heavy quark, 

and direct photon 
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PHENIX heavy-iodunpolarized pp results 
with major RBRC/RIKEN contribution 

* JIy measurements 
- p+p: high statistics study of J/y production 
- Au+Au: First measurement of J/y, suppression at RHlC 

Heavy flavor measurement via Single Electrons 
- p+p: NLO pQCD works 
- Au+Au: Energy loss and flow of charm and bottom quarks 

Direct photons at high pT 
- p+p: pQCD works (3 Okada) 
- Au+Au: probe of the initial state of collision 

* Low pT direct photon via internal conversion 
- p+p: baseline 
- Au+Au: excess? 

I These are most important results in the study of dense 
matter formed at RHlC 

Jly in p+p 
PRL98,232002(2007) 

''''''~7 * Order of magnitude higher 
statistics than the previous 
measurement by PHENIX 
pt and rapidity distribution are 
determined 

in A+A 
J l u d e e  
Xie We, YA 

- 
* Baseline for J/yr suppression 

1013112007 
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Jhy suppression in Au+Au 
- High statistics 

measurement of J/y in 
AuAu in wide rapidity range 
- Mid-rapidty Jhp + ee 
- Forward rapidty J/q+~p - Strong suppression of JIy 

is observed 
rr - Consistent with the 

.Ai 

I 
0 2 -  e.+ prediction that Jlvs are 

destroved in de-confined i I - -  matter 
(b)' - Surprisingly, the 

suppression is stronger at 
forward rapidity than in mid- 
rapidity 

E .  
I..! 

o * i  .. 
0 2 ;  - J/yr formation by 
I 54 ?W 150 2cn 2% mo 350 aa recombination of charm 

pairs in demnfined 
matter? 

ND." 
PRL98,232301(2007) 

Xie Wei, YA 

Heavy flavor production in pp 
Phys. Rev. Lett 97,252002 (2006) 

Single electrons from 
heavy flavor 
(charrn/bottom) decay 
are measured and 
compared with pQCD 
theory - The new data extends 
the pT reach to 9 GeWc 
FONLL pQCD 
calculation agree with 
the data 

PHENlXdata 

D YA, F. Kajihara (JRA,Tokyo) 
R (G.VlC) 
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0 
I Heavy quark energy loss and flow 

Measurement of single 
electrons from charmlbottom 
decay in Au+Au for wide pT 
range (O<pT<9 GeV/c) 
Strong suppression of 
heavy-flavor single electrons 
at high pT is observed 
3 Evidence of large energy 
loss of heavy quark in the 
dense matter 
Strong elliptic flow of heavy- 
flavor electrons 
3 Evidence for rapid 
thermalization of heavy 
quarks in the dense matter 
The data are consistent with 
small viscositylentropy ratio 

I PRL98,172301(2007) F.Kajihara(JRA,Tokyo), YA 

Search for direct photon via Virtual Photon Analysis 
Any source of 'real' photon should emits 'virtual' photon with very low mass. 
0 Shape of the invmass spectrum is given by Kroll-Wada 
formula. Ccmgicn 

1 dN 
Z a p [  ') 1 ( M:]  

-- I-- I+% - I---; IF(M:,x' 
N 7 d M ,  3n M ,  ML M ,  M -  

Baisic Idea: 
If one measure Mee > MpiO, 
contribution from pi0 decay 
(-85% of hadronic decay 
photon) can be eliminated 

PHENIX preliminary results in 
Au+Au (RUN4) using this 
method suggests excess for 
1 <pT c 3 GeV/c, but so far 
there is no p+p baseline. 

a 
4 
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Search for “excess” in p+p collisions at 200 GeV 

The same method is applied for p+p data to search for virtual direct photon. 
Good agreement between the data and the cocktail; there is little excess. 

Y. Yamaguchi (JRA, Tokyo), YA 

Comparison with Au+Au result 2 0. 
1 - PHENIX Preliminary - 
1 Minimum Bias Data in p+p collisions at$= MO GeV PH ,.ENIX Prrllminlr! 

Caveat : Direct Comparison CANNOT Be Made. 
1 - 19% Correction to Au+Au Due to SerniCorrelated Cross Pair 

O‘’ 

0.4 - Was NOT Applied. ! : +R.; (P+P) , . . ~  - sys.error (p+p) 
+ R,. (AU+AU, central) 

- sys.error (Au+Au, central) 
‘3 

- 
0.2 - 

- - - 
0.1 - - - - 

- 
..... .... .... ............... . ... .. - - j ,  I - ! 

-0.17,, , I , , , , I  , , , , I , , , I I , , , , I , ,!, , I , ,  , , , , , , , , , , , , 
0 0.5 3 1.5 2 2.5 3 3.5 4 4.5 

pT [GeVIc] 

Y. Yamaguchi (JRA, Tokyo), Y, 
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PHENIX publications 

* 63 papers published since 2001 
- Phvs Rev Len 41 
- Phys. Rev. C 15 
- Phys. Rev. D 4 
- Phys. Letter B 2 
- Nucl. Phys. A 1 

(white paper) - Total citation: >5000 
- Topcite 250+ 5 
- 100-250 . 11 
- 50-100 12 

25 (8) papers submitted since 
January 2006 
- 21(8) published, 4(0) in review 
- PRL 12(6) 
- PRC 5 (0) 
- PRD 3(2) 
- Phv. Lett. 1 (0) 

- 
The number in () is the number of 
papers with significant RIKEN/RBRC 
contributions 

Summary 
A new form of dense matter is created in heavy ion 
collision at RHlC 
Many new measurements that probes the property of the 
newly discovered matter 
- J/I~ suppression / recombination 
- Heavy Flavor energy loss and flow 
- Direct photon - RIKEN and RBRC plays very important role in this 
rapidly evolving field of phyiscs 

1013112007 
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QCDSP/QCDOC 
Physics Results And 

Prospects/Proj ects Status 
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RBRC lattice QGD program and 
the Next Computer Project 

November 6, 2007 

Norman H. Clzrisf 

I 
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RBRC Lattice QCD Program 

9:OO - 9:30 RBRC lattice QCD program and the 
Next Computer Project 

Norman Christ 

9:30 -10:00 K'meson physics with domain wall Robert Mawhinney 
fermions in the chiral limit 

1O:OO -10:30 The QCD phase transition and equation Peter Petreczky 
of state: toward physical quark masses 
and vanishing lattice spacing. 

RBRC Review - Nov. 6,2087 (2) 

I 
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Outline 
RBRC Lattice QCD 
- Collaboration 
- Computer infrastructure 

Physics overview 
Domain wall fermions 
Configuration generation 
Physics results 
- Nucleon physics 
- Heavy quarks 
- T # 0, domain wall fermions 

The Next Computer Project 

RBRC Review - Nov. 6,2007 (3) 

I 

448 



Collaborations 

RBRC Review - Nov. 6,2007 (4) 

I 
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Collaborations 

p4 Thermo 
*Columbia 
*Connecticut 
*Kanazawa 

p4 & DWF Thermo 

Heavy quarks 
Computers 

*Southampton 
*Edinburgh 
-Swansea 

RBRC Review - Nov. 6,2007 
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RBC Collaboration 
RBRC Columbia 
- Yasumichi Aoki 
- Tom Blum (Connecticut) 

- Chris Dawson (Virginia) 
- Tomomi Ishikawa 
- Taku Izubuchi (Kanazawa) - Changhoan Kim 

Koichi Hashimoto - MinLi 
- AdamLichtl - SamLi 
- Shigemi Ohta (KEK) 
- Shoichi Sasaki (Tokyo) 
- Takeshi Yam& (Connecticut) 

- Michael Creutz 
- SaumenDatta 
- Shinji Ejiri BNL 
- ChulwooJung - EnnoScholz 
- Frithjof Karsch 

PrasadHegde - Amarjit Soni 
- Kostantin Petrov 
- Claudio Pica 

- Christopher Aubin (William & Mary) 
- Michael Cheng 

Ran Zhou - NormanChrist 
Saumitra Chowdhury - Michael Endres 

- Saul Cohen (JLab) 
- Xiao-Yong Jin 

- Matthew Lightman 
- Meifeng Lin (MIT) 
- HueyWen Lin (JLab) 
- Oleg Loktik (Goldman Sachs) 
- Robert Mawhinney 
- Dwight Renfrew 

BNL 

- Wolfgang Soeldner 

- Takashi Umeda (Tsukuba) 

- Christian Schmidt RBRC Review - Nov. 6,2007 (6) 
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UKQCD Collaboration 

Edinburgh 
- David Antonio 
- Peter Boyle 
- Mike Clark (BU) 
- Luigi del Debbio 
- Alistair Hart 
- Chris Kelly 
- Tony Kennedy 
- Richard Kenway 
- Chris Maynard 
- Brian Pendleton 
- Robert Tweedie 
- Jan Wennekers 
- Azusa Yamaguchi 
- JamesZanotti 

Southampton 
- Michael Donellan 
- JonathanFlynn 
- Andreas Juettner 
- Jun Noaki 
- Chris Sachrajda 

- Chris Alton 
- Aurora Trivini 

Swansea 

RBRC Review - Nov. 6,2007 (7) 
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Computers 

RBRC Review - Nov. 6,2007 (8) 
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QCDOC Collaboration 

Columbia (DOE) UKQCD (PPARC) 
- Norman Christ - PeterBoyle 
- SaulCohen - MikeClark 
- Calin Cristian - B a h t  Joo 
- ZhihuaDong 
- ChanghoanKim 
- Ludmila Levkova 
- Xiaodong Liao - TiloWettig 
- Meifeng Lin 
- GuofengLiu 
- Robert Mawhinney 
- ShuLi 
- Azusa Yamaguchi 

- Chulwoo Jung 
- Konstantin Petrov 
- Stratos Efstathiadis 

BNL (SciDAC) 

RBRC (FUKEN) 
- Shigemi Ohta 

- 
IBM 
- DongChen 
- AlanGara 
- Design groups: 

Yorktown Heights, NY 
Rochester, MN 
Raleigh, NC 

RBRC Review - Nov. 6,2007 (9) 
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QCDOC 
6-D torus, 

Double precision 

0.3 Gflops sustainedhode 
(-40% efficiency) 

Completed spring 2005 

30 Tflops (peak) installed 
Parent of BlueGene 
(Overview of the QCDSP and QCDOC computers, 
IBM Research Journal, Vol 49, No. 213, p 351 

(2005) 

RBRC Review - Nov. 6,2007 (IO) 
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UKQCD / Edinburgh 

13Knodes 
Installed Dec. 2004 

RBRC Review - Nov. 6,2007 (12) 
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RBRC - US DOE / Brookhaven 

24Knodes 
Installed May 2005 

RBRC Review - Nov. 6,2007 (13) 
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New York Blue 

*IBM BlueGene 
1 00 teraflops 
1 8-rack configuration 

*36,864 processors 

RBRC Review - Nov. 6,2007 (14) 



Computer Summary 

Computer 
QCDOC 

BlueGene 

Location 
RBRC 
Edinburgh 
DOE 
NewYork Blue 
LLNL 

* RBRC allocation 

RBRC Review - Nov. 6,2007 ( I  5 )  

Sustained throughput 
4 Teraflops 
4 Teraflops 
2 Teraflops * 
[6 Teraflops *] 
4 Teraflops * 

460 



Physics Overview 

RBRC Review - Nov. 6,2007 (16) 
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Physics Overview 
Zero temperature 
- Domain wall fermions (1 0-year effort) 
- Kaon physics - Standard Model tests 
- Nucleon physics --- Tests of QCD 
- Heavy quarks - Standard Model tests 

Finite temperature 
- p4 action (T, , EOS, p > 0, charm, 

- Domain wall fermions (exploration). 
transport coef s) 

RBRC Review - Nov. 6,2007 (17) 
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Domain Wall 
Fermions 

RBRC Review - Nov. 6,2007 (1  8) 

1 
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Domain Wall Fermions 

5-D theory with 4-D, chiral 
surface states. 
Typical 5-D extent of 16. 
Excellent chiral symmetry. 
“Revolution” in the lattice t 
treatment of fermions: 
Pioneered by the RBC and 
Tsukuba 

a 
zero modes 

right walls right walls 
-- 

RBRC Review - N O ~ .  6,2007 (19) 



Lattice Chiral Symmetry Breaking 
Described .by a “residual” mass: mres 

e --).e Ls 1 
mres(Ls) = c1 

created by 

mres 

mresversus p for L,= 32 

d 

: . . .  . :  
d 

...... : ........,.......... 
d 

465 

mres versus L, 
I I ; . 

* I  . ’ : ‘ : ‘ “ “ ‘  1 1 3 3  

RBRC Review - Nov. 6,2007 (20) 



2+1 Flavor DWF 
Ensembles 

RBRC Review - Nov. 6,2007 (21) 
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RHMC + Hasenbusch 

Multi-time step 
Omely an integrator 
Multi-mass preconditioning 
Rational Hybrid Monte Carlo 
Fractional power force reduction 

(Mike Clark) 

Achieve > 6 overall speed up 
for large DWF calculations. 

RBRC Review - Nov. 6,2007 (22) 
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Optimization 
(Peter Boyle, Mike Clark, Bob Mawhinney, Brian Pendleton) 

For Nf= 2+1 simulations use m, for 
preconditioning: 

D D ( m )  = D h ’ F ( m )  DDWF(m) 

det D(ml) det. D(ms)’~2 - - det [-I . det Wmt) 
det D(l)3/2 D(mJ 

~~ a6 

Use a “ratio” force term from numerator and 
denominator together. oJs6 

0% 

Use multiple step sizes. #m 

0 9  - 75% acceptance. 
The light quark requires only 10% of the 0 1 6  

0 I 4  6 s 101~11161.xnEY1Il computer time! 4 

RBRC Review - Nov. 6,2007 (23) 
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2+1 Flavor DWF ensembles 
Compare: DBW2 and Iwasaki gauge actions, 
163 X 32, L, = 8. (hep-latlO612005) 

Choose Iwasaki and L, = 16: (hep-lat/0701013) 

L=2Fermi, m, 2 390MeV, Lm, 2 3.8 

a = 0.123 Fermi, l/u=1.62 GeV, 163 x 32, L, = 16 
mums mrr (GeV) HMC Time Tflops x days 
0.767 619.5 4.000 13.69 

0.535 517.1 I 4,000 I 14.12 I r -0.302 I 388.8 1 4,000 I 15.20 I 

Available on the web: http://lattices.qcdoc.bnl.gov/ 

RBRC Review - Nov. 6,2007 (24) 
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2+1 Flavor DWF ensembles 

Next generate larger volume: 243 x 64, L, = 16. 

Same gauge action and lattice spacing. 

L = 2.8 Fermi, m, 2 326 MeV, L m, 2 4.5 

I u = 0.115 Fermi. l/u=1.73 GeV. 243 x 64, L.= 16 I 

I 0.767 I 661 I 2813 I 70 I 
I 0.535 552 2850 74 I 

0.302 415 5040 148 
0.186 3 26 7000 225 

RBRC Review - Nov. 6,2007 (25) 
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2+1 Flavor DWF ensembles 

Start a smaller lattice spacing: 

lla = 1.73 GeV 3 2.2 GeV 

2 4 3 ~ 6 4  + 3 2 3 ~ 6 4  
Same gauge action and L, = 16. 

L =  3 Fermi, m, 2 270MeV, Lm, 2 3.9 

I a = 0.091 Fermi, 1 1 ~ 2 . 2  GeV, 323 x 64, L. = 16 I 
I mVms I m,(GeV) I HMC Time 1 Tflops x days I 
I 0.22 I 3 23 I 1604 I 150 I 
I 0.15 270 2000 222 I 

RBRC Review - Nov. 6,2007 (26) 
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Topological charge evolution 
0.1 

0.05 m=0.03 

0 

0.1 

m=0.02 0.05 

20 

10 

8 0  

-m 
0; -10 

-30 

30 
20 

0 3wo 4wo 

0 

0.1 

0.05 m=0.01 

m 
0 1oW 2ow 3000 4ow rn -20 -10 0 10 20 0 

8 1; 

0' -10 
-m 
-30 
30 
20 
10 
0 8 

?5 -10 
-20 
-?n 

Q ,  Molecular Dynamics Time 

RBRC Review - Nov. 6,2007 (27) 
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Physics Results 

RBRC Review - Nov. 6,2007 (28) 
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Physics Projects (T = 0) 
K - F mixing (E> 

K13 decays 
Direct CP violation ( E ’ / € ) ,  dI-1/2 rule 
Nucleon decay 
Hyperon decay 
Neutron electric dipole moment 
Nucleon charges and form factors 
Nucleon structure functions 
Mass of 77’ 
Electromagnetic mass splittings 
Quark masses: m,, mu and md 
Charm spectroscopy with NPR Fermilab action 
B-B mixing B, and B, in with static + DWF with 
1-loop lattice PT 9 NPR? 

UBRC Review - Nov. 6,2007 (29) 
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Nucleon Structure 
(Yasumichi Aoki, Tom Blum, HueyWen Lin,Shigemi Ohta, 

Shoichi Sasaki, Takeshi Yamazaki) 

Axial charge, g, 
Ground and excited state masses 

Axial and vector form factors 
Low moments of nucleon structure functions 

Nucleon decay matrix elements 
Important result on volume effects 

RBRC Review - Nov. 6,2007 (30) 
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Volume dependence of g, 

1.3 g,(Wilson) 

0.9 

1.6 2 

0.7 

0.9 

0.7 

0.6 

m$cV11 mxl[GcVz] 

RBRC Review - Nov. 6,2007 (31) 
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Volume dependence of g, 
Dynamical DWF - versus mquark 

1.3 

I .2 

1.1 

1 

0.9 Nr-Z+l(l.Sfm) 
0.8 gA(DWF) 
0.7 

0.6 ~ " " ' " "  0.1 0.2 0.3 0.4 0.5 
m)Gesl 

Dynamical DWF -versus m& 

I .3 

0.7 

3 4 5 6 7 8 9 1 0 1 1 1 2  0.6; ' I  " " " " " " " ' ' ' 1  
m& 

Dynamical Wilson - versus m,,,,, 

1.3 g,(Wilson) 4 

. Nr-2 Imp. W i l a o  P5 .25  
+ N;2 Imp. W i b n  P5.29  
A N,+ lolp. Wilvrn b5.40 
4 N,-2 Wilson k5.50 

0.9 

0.8 

0.7 

mxa[GcV2] 

Dynamical Wilson -versus mJ 

gA (Wilson) 

N,+ Imp. Wilwm p-S25 
+ Nc-2 Lmp. Wilson &529 
A N;Z Lmp Wilson p5.40 

3 4 5 6 7 8 9 IO I I  12 
m& 

RBRC Review - Nov. 6,2007 (32) 



Volume dependence of g, 
Quenched Dynamical DWF 

1.3 1.3 

1 .2 1.2 

1.1 

1 I 
Q N,-O(3.6fm) 0.9 
A N,-O(2,4fm) 

D N;O(I.Zfm) 

' 

N,-2+1 (l.Sfm) 
Nr-Z (1.9fm) 

p N,-O(l.Ufm) g,(DWF) o.8 

0.62 3 4 5 6 7 8 9 1 0 1 1 I 2  

0.7 
' ' , , , , , , , , , , , , , , , , , 

m,L 

, , 
3 4 5 6 7 8 9 1 0 1 1 I Z  

0.9 

0.8 

0.7 

0.62"~""" ' ' ' ' ' 

g, P W F ,  N,=O) 

m k  

Dynamical DWF + Quenched 
t " " " " ' " ' " " " ' ~  

0.9 

0.8 

0.7 

0.6 2 

mxL RBRC Review - Nov. 6,2007 (33) 



Heavy quarks and lattice QCD 

Static approximation 
- Lattice version of HQET 
- Calculate&, fBs, B, and Bg 
- Use two static link smearings and perturbative 

renormalization 

0. Fermilab/Tsukuba action 
- 3-parameter effective action, removes all (ma). errors 
- Determine all heavy-heavy and heavy-light charm 

states in terms of one new parameter, cp 

- Independent determination of lattice spacing 

RBRC Review - Nov. 6,2007 (34) 
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Static: fR, and B,  
(Yasumichi Aoki, Thomas Dimitrescu, Jonnathan Flynn, 

Tomomi Ishikawa, Taku Izubuchi, Oleg Loktik, Yan Wennekers) 

f B l f B  BB 

Large O(a) errors and insufficient statistics? 

RBRC Review - Nov. 6,2007 (35) 



RHQ: Determine lattice spacing 
(Min Li and Huey-Wen Lin) 

llu from xd and xcl 
1 8  J/t,uand 3 m, and cp r 

1 8  

Use experimental xd and 
xcl masses and fit for a. 

Gives l/u = 1.743(41) GeV 

L?- mass implies: 
I 

lla from 0, and 0,' 
1.8, .1 

l/u = 1.73(3) GeV 

can be more accurately 
calculated: l/a = 1.730(23) 

185 

m, 

Using the D, and O,* which 

m0 CP 4" Z/a (GeV) 
0.247(38) 2.083(65) 1.241(10) 1.730(23) 

RBRC Review - Nov. 6,2007 (36) 
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QCD Phase Transition with DWF! 

Most finite temperature studies use 
staggered quarks. 

DWF calculation provides an 
important test. 
Good chiral symmetry may be 
important for a chiral transition? 

Large lattice spacings of T>O 
calculations make DWF challenging. 

RBRC Review - Nov. 6,2007 (37) 
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Clear signal for T, 
(Michael Cheng, Dwight Renfrew) 

P 
163 x 8,2+1 flavor, L, = 32 . Increase L, = 32 + 64? 

Wilson line 

S l " ' "  L.95 2 2.M ' I .  2.1 " I "  2.15 2.2 

P 

Add det((D+M,+iSy ) l(D+M,+id y 5 ) )  
to suppress dislocations. (VranasKEK) 

RBRC Review - Nov. 6,2007 (38) 

I 

483 



The Next 
Computer Project 

RBRC Review - Nov. 6,2007 (39) 
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Next Computer Project 
Technology 
- Reduction in feature size -3 128 FPU’s on a chip. 
- Target $O.Ol/Mflops (100 x enhancement) in 2010. 

- Complex design and $4-5M NRE costs. 
(100 x from 2005 3 2010 is 10 x better than Moore’s law.) 

Strategy . .  - P? 
- Work with IBM team at Watson Research! 
- Columbia-Edinburgh-IBM design collaboration. 
- Plan a -300 (sustained) Teraflops computer. 
- Prototype of possible IBM system. 
- This and equal UK machine constructed at BNL. 

- Design document passed internal review. 
- VHDL design to begin in 2-3 weeks. 

Status 

RBRC Review - Nov. 6,2007 (40) 
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Conclusion 
Exciting physics program --- important 
physics problems are being solved. 
Large and varied group of physicists --- many 
opportunities to learn. 
Next computer project offers a new level of 
research potential. 
- Accurate control of chiral limit 
- Treat 2-particle states ( K + T T) 
- Do nucleon physics on 6 Fermi box. 
- Use step-scaling to decrease a;. in perturbative 

- Explore new field theories, supersymmetry, large 
matching: as - IINskpp, 

N,, large N f ,  higher dimensions .... 

RBRC Review - Nov. 6,2007 (41) 
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I 
CURRICULA VITAE - SUMMARY 

CURRENT RBRC FELLOWSRESEARCH ASSOCIATESiRFSEARCHERS 

Yasuyuki Akiba Birthplace: Tokyo, Japan DOB: October 20, 
D.S. 1988, University of Tokyo 
Experience: Research Associate, Institute for Nuclear Study, University of Tokyo, 

Research Associate, High Energy Accelerator Research Organization (K 

Senior Research Scientist, RIKEN, April 2003 -July 2003; 
Senior Researcher, RIKEN, August 2003 -present; 
RIKEN Spin Program Researcher, RBRC-E, November 2003 -present 
Deputy Spokesperson for PHENIX, 2004 - present. 

March 1988 -March 1997; 

April 1997 -March 2003; 

959 

K), 

Sinya Aoki Birthplace: Tokyo, Japan DOB: May 16,1959 
D.S. 1987, University of Tokyo 
Experience: Research Associate, Brookhaven National Laboratory, 1987- 1989 

Post-Doctoral Fellow, SUNY at Stony Brook, 1989-1991 
Assistant Professor, U. of Tsukuba, Japan 
Lecturer, U. of Tsukuba, 1993-1994 
Associate Professor, U. of Tsukuba, 1994-2001 
Professor, U. of Tsukuba, April 2001 -present 
Visiting Fellow, joint position with RBRC Theory Group and Tsukuba University, 
April 1,2004 -present. 

Awards and Honors:Fellowships of the Japan Society for the Promotion of Science for Japanes 
Junior Scientists, at Physics Department, U. of Tokyo, Japan; 
First (FY 2004) JSPS Prize Award, Mathematics; Physical Sciences; Chemistry; 
Engineering Sciences, 

Yasumichi Aoki Birthplace: Gunma, Japan DOB: January 7,1968 
Ph.D. 1996, University of Tsukuba, Japan 
Experience: COE Research Fellow at the Center for Computational Physics 

University of Tsukuba; 
Assistant (3 year research position) at the Center for Computational 
Physics, University of Tsukuba 
Research Associate, RIKEN BNL Research Center, May 1,2000 - April 30,2003. 
RBRC Visiting Scientist, with ColumbiaUniversity, May 1 to July 31,2003. 
Research Associate, University of Wuppertal, Germany, 
August 2003-September 2006; 
RIKEN Fellow, RIKEN BNL Research Center (Theory), October 1,2006 - present. 

1 
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Thomas C. Blum Birthplace: USA DOB: December 27,1962 
Ph.D. 1995, University of Arizona, Tucson, AZ 
Experience: Postdoctoral Fellow, High Energy Theory Group, BNL 

RIKEN BNL Fellow, October 1, 1998 - September 30,2003; 
Associate Physicist, Brookhaven National Laboratory, October 2003 - Dec. 2003. 
*RHIC Physics Fellow/Assistant Rofessor-RE%RC/U. of Connecticut, Stom, 
January 1,2004 - present. 

Year 2005 Department of Energy Outstanding Junior Investigator Award, High 
Energy Physics. 

Awards and Honors:DOE-GANN Fellowship: August 1990 - May 1993; 

Christopher Dawson Birthplace: Preston, Lancashire, UK DOB: July 6, 1973 
Ph.D. 1998, University of Southampton, UK 
Experience: Research Associate, High Energy Theory Group, BNL 

RIKEN BNL Fellow, October 1,2001 -present 

Abhay L. Deshpande Birthplace: Mumbafiombay, India DOB: March 21,1965 
Ph.D. 1994, Yale University 
Experience: Visiting Scientist, BNL, 1989-1994 (Member of the BNL-E851 Collaboration) 

Visiting Scientist, CERN, 1994-1999 (Member of the SMC Collaboration) 
Visiting Scientist, DESY, 1998-Resent (Member of the ZEUS Collaboration) 
Associate Research Scientist, Yale University, 1994-2000 
RIKEN BNL Fellow (Experimental Group), February 2000 - December 3 1,2003. 
*RHIC Physics Fellow/Assistant Professor-RBRC-E, SUNY, Stony Brook, 
January 1,2004 -present. 

1 

Awards and Honors:Gibbs Prize in Physics, University of Bombay, 1985. 

Takumi Doi Birthplace: Hiroshima, Japan DOB: November 16,1976 
Ph.D. 2004, Tokyo Institute of Technology, Japan 
Experience: Fellowships: The Japan Scholarship Foundation, Department of Physics, Tokyo 

Institute of Technology, 1999-2001, JSPS Research Fellowships for Young Scientists, 
Department of Physics, Tokyo Institute of Technology, 2001-2004; 
RIKEN Spin Program Research Associate, RBRC Theory, April 1,2004 - present. 

Awards and Honors: Fellowships: JSPS Fellowship, The Iwakuni Foundation for Scholarship, 
Tokyo University, 1995-1999; Awards: The Tejima Memorial Research Award for 
Ph.D. Thesis. 

Douglas Fields: Birthplace: U.S.A. DOB: July 2,1963 
Ph.D. 1991, Indiana University, Bloomington 
Experience: Postdoctoral Research Associate, Los Alamos National Laboratory, 1992-1 995 

Research Associate Professor, University of New Mexico, 1995-2001 
Member of the PHENIX Collaboration, BNL, 1995-present 
*RHIC Physics Fellow/Assistant Professor-RBRC-E, University of New Mexico, 1 
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September 1,2001 -present 

Rainer Fries: Birthplace: Regensburg, Germany DOB: Aug.l0,1971 
Ph.D 2001, University of Regensburg 
Experience: Assistant Professor, Texas A&M University 2006- 

RHIC Fellow, RIKENBNL 2006- 
Assistant Professor, University of Minnesota, 2005-2006 
Research Associate, University of Minnesota, 2003-2005 
Research Associate, Duke University, 2002-2003 

Awards and Honors: Fellowship for Outstanding Students, Government of Bavaria, 

Feodor Lynen Fellow, Alexander von Humboldt Foundation, 2002-2003 
IUPAP Young Scientist Prize 2007 

1991-1996 

Yoshinori Fukao Birthplace: Aichi, Japan DOB: April 5,1978 
B.S. 

Experience: 

2001, Kyoto University, Kyoto, Japan 
Master Course Student, 2002 -present 
RBRC Young Researcher, Experimental Group, 2002 - 2003. 
RIKEN Junior Research Associate, RBRC, Experimental Group, 
April 1,2003 -present. 

I Kenji Fukushima Birthplace: Tokyo, Japan DOB: January 29,1975 
Ph.D. . 2002, University of Tokyo, Komaba 
Experience: Research Fellow of the Japan Society for the Promotion of Science (JSPS), 

University of Tokyo, Japan, April 1999 to August 2003; Visiting Scientist, 
Massachusetts Institute of Technology, Department of Physics, September 2003 - 
March 2005; RSP Research Associate, RBRC Theory Group, April 2005 - present. 

Erice, Italy, awarded September 2005. 
Awards and Honors: JSPS Fellowship; Enrico Fermi Junior Grant, School of Subnuclear Physics, 

Yuji Goto Birthplace: Shizuoka, Japan DOB: November 25,1965 
Ph.D 1996, Kyoto University, Kyoto, Japan 
Experience: Research Fellow of the Japan Society for the Promotion of Science, 1994-1996 

Postdoctoral Fellow, RIKEN, Japan, 1996-1999 
RIKEN BNL Fellow, November 1999 - March 3 1,2002 
Scientist, RIKEN, April 2002 to March 2003; 
Senior Research Scientist, RIKEN, April 2003 -present. 
RIKEN Spin Program Researcher, RBRC, April 1,2002 -present. 

Matthias Grosse-Perdekamp 

Ph.D. 1995, University of California at Los Angeles 
Experience: Associate Research Scientist, Yale University 1995-1998 

Research Scientist, Maim University, 1998-1999 

Birthplace: Schwenningen, Germany DOB: December 1,1963 

1 
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RIKEN BNL Fellow, January 1999 -August 31,2002. 
Member of the PHENIX and BELLE Collaborations; 
RHIC Physics Fellow/Assistant Professor-RBRC-E; University of Illinois, Urbana 
Champaign, September 1,2002 - present. 
Deputy Spokesperson for PHENK, 2004 -present. 

University, 1991. 

1 

Awards and Honors: Foreign Scholar Award, UCLA, 1990; Gustav Mie Preis, Freiburg 

Koichi Hashimoto Birthplace: Fukui, Japan DOB: December 20,1979 
M.Sci. 2003, Kanazawa University 
Experience: Visiting Student, RBRC, September-October 2003. 

RIKEN Spin Program Young Researcher, RBRC Theory Group, 
April 2004 -March 2005; RIKEN Jr. Research Associate, 
April 1,2005 - March 31,2006. 

Yoshitaka Hatta Birthplace: Kyoto, Japan DOB: August 5, 1976 
Ph.D. 2004, Kyoto University, Department of Physics 
Experience: RBRC Young Researcher, Theory Group, RBRC, 

RIKEN Junior Research Associate (Theory), 2002 - 2004. 
RIKEN Spin Program Research Associate, RBRC Theory, April 1,2004 - September 
30,2006. 

Spring 2002 - 2003. 

Yosimasa Hidaka Birthplace: Fukuoka, Japan DOB: September 18,1977 
Doctor of Science 
Experience: Research Fellow, Theory Group, KEK, Japan, April 2005 to January 2006; 

Researcb Fellow, Theoretical Nuclear Physics Group, Tokyo Institute of Technology 
R K E N  Spin Program Research Associate, RBRC Theory, April 1,2006 - present. 

2005, University of Tokyo, Graduate School of Science 
1 

Tetsufumi Hirano Birthplace: Kanagawa, Japan DOB: September 17,1972 
Ph.D. 2001, Waseda University, Japan 
Experience: Research Associate, Waseda University, Japan, April 1999 to March 2001 

Postdoctoral Fellow at University of Tokyo, Japan, April 2001 to March 2003. 
RIKEN Spin Program Research Associate, RBRC Theory Group, 

Visiting Scientist RBRC/Columbia University, September 1,2004 - present. 
March 24,2003 -August 31,2004. 

Awards and Honors: JPS Theory Award for Distinguished Young Researchers in Nuclear Physics 
(2002). 

Takuma Horaguchi Birthplace: Iwate, Japan DOB: September 29,1977 
Graduate School: Tokyo University of Science, Japan 
Experience: RBRC Young Researcher, Experimental Group, RBRC, 

Spring 2002 - 2003. 
RIKEN Junior Research Associate (Experiment), April 1,2003 -present. 

1 Takashi Ichihara Birthplace: Japan DOB: February 22,1958 
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Ph.D. 1987, Kyoto University, Japan 
Experience: Research Scientist, RIKEN, Japan, 1987-1995 

Senior Research Scientist, RIKEN, Japan, 1995-1998 
Assistant Chief Scientist, RIKEN, Japan, 1998 
Researcher, RBRC Experimental Group, 1998 
RIKEN Spin Program Researcher, November 1999- present 

Kei Iida Birthplace: Aomori, Japan DOB: July 28,1970 
Ph.D. 1998, University of Tokyo 
Experience: Postdoctoral Research Fellow, JSPS, U. of Tokyo, April 1998- March 2001; 

Visiting Postdoctoral Research Associate, U. of Illinois at Urbana-Champaign, 
September 1999-March 2001. 
RIKEN Special Postdoctoral Researcher, April 2001-March 2004. 
RIKEN Fellow, RBRC Theory Group, April 2004-March 31,2006 
RBRC Visiting Scientist, April 1,2006 -present. 

Scientists, April 1996-March 1998 and April 1998-March 2001. 
RIKEN Special Postdoctoral Grant, April 2001-2004. 

Awards and Honors:Research Fellowship of the Japan Society for the Promotion of Science for Young 

Tomomi Ishikawa Birthplace: Tottori, Japan DOB: December 25,1971 
Ph.D. 2002, Hiroshima University, Japan 
Experience: Researcher, Hiroshima University, April 2002 to March 2003; 

Institute Researcher, University of Tsukuba, Center for Computational Sciences, 
April 2003 - September 2006; 
Research Associate, RIKEN BNL Research Center (Theory), 
October 1,2006 - present. 

I 

Taku Izubuchi Birthplace: Tokyo, Japan DOB: February 15,1970 
Ph.D. 1997, University of Tokyo 
Experience: Postdoc, Tsukuba University, April 1997-November 1999. 

Research Associate (with tenure), Department of Physics, Kanazawa University, 
December 1999 -February 2001 
Brookhaven National Laboratory, High Energy Theory Group, 
March 2001 - February 2003 
Research Associate (with tenure), Department of Physics, Kanazawa University, 
March 2003 -present. 
RBRC Visiting Fellow with Kanazawa University, April 1,2003 -present. 

Awards and Honors: Japan Society for the Promotion of Science (JSPS), Research Fellowship for 
Doctor Course, 1994-1997; An&& Laganigue Scholarship at the International School 
of Subnuclear Physics, Erice, Italy, 1995; JSPS Research Fellowship for Post Doctor, 
1997-1999; JSPS Research Fellowship for Research Abroad, 2001-2003. 

Nobuyuki Kamihara Birthplace: Yokohama, Japan DOB: June 29,1974 
M.Sci. 2002, Master Course of Fundamental Physics, Tokyo Institute of Technology 1 
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Experience: Graduate student at Tokyo Institute of Technology/Student Trainee at RIKEN, 
2002 - present 
RIKEN Spin Program Research Associate, RBRC-Experiment, 
September 2005 -present. 

I 

David M. Kawall Birthplace: Glasgow, UK DOB: April 13,1965 
Ph.D. 1996, Stanford University 
Experience: Associate Research Scientist, Yale University, Physics Department, 1995-2004. 

RIKEN BNL Fellow, RBRC Experimental Group, June 1,2004 -January 2005. 
RHIC Physics Fellow, RBRC Experimental Group/Assistant Professor, 
University of Massachusetts, Amherst, January 2005 - present 

Scholar* Varsity Fund National Admission Scholarship, William R. Hossack 
Memorial Scholarship in Mathematics and Physics 

Awards and Honors: G. David Scott Scholarship in Physics, Trinity College Scholarship, Faculty 

Masakiyo Kitazawa Birthplace: Nagano, Japan DOB: October 6,1977 
Ph.D. 2005, Kyoto University, Japan 
Experience: JSPS, Japan Society for the Promotion of Science Postdoctoral Fellow, Kyoto 

University, Yukawa Institute for Theoretical Physics, April 2005 - March 2006; 
RIKEN Spin Program Research Associate, RBRC Theory, April 1,2006 -present. 

Stefan A. Kretzer Birthplace: Dortmund, Germany DOB: November 26,1968 

Experience: Visiting Research Associate at Michigan State University, 2000-2002 
Research Associate, Brookhaven National Laboratory, October 2002 -present; 
Research Associate, Joint RBRC/Nuclear Theory Group, BNL, April 2003 to 
January 19,2006. 

Elementaxteilchen of the Deutsche Forschungsgemeinschaft @FG) 
Scholarship, 1996-2000. 

I Ph.D. 1999, University of Dortmund i 

Awards and Honors: Associate of the Graduiertenkolleg: Erzeugung und Zerfalle von 

Zheng Li Birthplace: China DOB: 
Ph.D. 
Experience: 

1986, Pennsylvania State University, University Park 
Physicist, Brookhaven National Laboratory, Instrumentation Division, 
November 1986 -present. 
RIKEN Spin Program Visiting Scientist, Experimental Group, May 2003 to present 

Excellent Academic Performance, 1977-1981, Peking University; Visiting Professor, 
Beijing Institute of Semiconductors, 1998-present; Dual Professor, Xiangtan 
University, China, 1999-present; Science and Technology Award, Brookhaven 
National Laboratory, 2005. 

Awards and Honors:Davey Fellowship, 1981, The Pennsylvania State University; Award for 



Adam Lichtl Birthplace: El Paso, TX USA DOB: July29,1981 
Ph.D. 2006, Camegie Mellon University, Pittsburgh, PA 
Experience: Research Associate, RIKEN BNL Research Associate (Theory); October 2006 to 

present. 

1 

Patricia Liebing Birthplace: Leipzig, Germany DOB: July 7,1972 
Ph.D. 2004, University of Hamburg, Germany 
Experience: Postdoc, Max Planck Institut f ir  Physik for the MAGIC and EUSO Experiments 

Research Associate, RIKEN BNL. Research Center (Experiment), 
February 1,2006 - present 

Cecilia Lnnardini Birthplace: Piacenza, Italy DOB: March 27,1974 
Ph.D. 2001, SISSA-ISAS, Trieste, Italy 
Experience: 2001 - 2004 Post-doctoral fellowship at the Institute for Advanced 

Study (IAS), School of Natural Sciences, Princeton. Funds from the 
National Science Foundation (NSF) and the Keck Foundation. 
2004 - 2007 Five years fellow at the Institute for Nuclear Theory 
of Seattle and research assistant professor at the Physics Department of the 
University of Washington, Seattle. 
2007 - Assistant professor at Arizona State University of Tempe, AZ and fellow at 
the RIKEN BNL Research Center (RBRC) October 2007 to present. 

Normale in Pisa (Italy) for a PhD thesis in Theoretical Physics. 
December 2006: Selected as plenary speaker for the major conference 
"Neutrino 2006"(XXII International Conference on Neutrino Physics and 
Astrophysics) in Santa Fe, New Mexico kom June 13-19,2006. 

Awards and Honors: January 2003: Prize "Giorgio Gamberini" issued by Scuola 
1 

Cyrille Marquet Birthplace: Boulogne-Billancourt, France DOB: September 23,1980 
Ph.D. 2006, University of Paris VI, France 
Experience: Research Associate, RIKEN BNL Research Center (Theory) 

October 2,2006 - present 

Agnes M6csy Birthplace: Romania DOB: September 10,1971 
Ph.D. 2001, University of Minnesota, Minneapolis 
Experience: AdjunctlPost Doc, The Niels Bohr Institute, Copenhagen, Denmark, October 2001 to 

September 2003; Post DocMumboldt Research Fellow, Theoretical Physics Institute 
and Frankfurt Institute for Advanced Studies J. W. Goethe University, Frankfurt, 
Germany, October 2003 to September 2005; 
Research Associate, RBRC Theory Group, October 1,2005 - present. 

Awards and Honors: Merit Scholarship, Babes-Bolyai University, Cluj-Napoca, Romania, 
1990-1994; Study Scholarship, Eotvos University, Budapest, Hungary, 1993; 
NORDPLUS Award Scholarship, The Niels Bohr Institute, Copenhagen, Denmark, 
1995-1996; Louise T. Dosdall Fellowship, University of Minnesota, Minneapolis, 
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2000-2001; Alexander von Humboldt Research Fellowship, J. W. Goethe University, 
Frankfurt, Germany 2004-2005. 

Dbnes Molnar Birthplace: Debrecen, Hungary DOB: June 24,1974 
Ph.D. 
Experience: 

2002, Columbia University, New York 
Postdoctoral Fellow, Nuclear Theory Group, The Ohio State University, Columbus, 

Postdoctoral Researcher, Nuclear Theory Group, The Ohio State University, 

*RHIC Physics Fellow, RBRC Theory Group/Assistant Professor, Purdue University, 
West Lafayette, IN, September 2005 to present 

Postdoctoral Fellowship, The Ohio State University, 2002-2003; 
Klaus Kinder-Geiger Award for Best Talk at Hot Quark 2004 Intl. Workshop, Taos, 
New Mexico, 2003 

2002-2003; 

2003-2005; 

Awards and Honors: Graduate Research Fellowship, Columbia University, 1997-2002; 

Itaru Nakagawa Birthplace: Japan DOB: October 5,1969 
Ph.D. 1999, Graduate School of Tohoku University, Sendai, Japan 
Experience: Postdoctoral Associate of the Laboratory for Nuclear Science, Massachusetts Institute 

of Technology, Nov. 1999 to Nov. 2002; Postdoctoral Associate of Department of 
Physics and Astronomy, University of Kentucky, Dec. 2002 - Nov. 2003; Research 
Assistant Professor of the Department of Physics and Astronomy, University of 
Kentucky, December 2003-November 2004; 
Scientist RMEN, December 2004 - present; 
RIKEN SPIN Program Researcher, RBRC Experimental Group, December 2004 - 
present. 

Award for the outstanding Ph.D. thesis in MIT-Bates Laboratory, 2000; Award for 
outstanding young physicists in Experimental Nuclear physics, Japanese Physics 
Society, 2003. 

Awards and Honors: Japan Ikueikai Scholarship, 1989-1994 and 1995-1999; The Peter T. Demos 

Ken’ichi Nakano Birthplace: Hiroshima, Japan DOB: May 24,1980 
B.S. 

Experience: 

2003, Tokyo Institute of Technology 
Master Course Student, Tokyo Institute of Technology 
RBRC Young Researcher, RBRC Experimental Group, July 1,2004 -March 2005. 
RIKEN Jr. Research Associate, April 1,2005 - present. 

Akio Ogawa Birthplace: Japan DOB: September 6,1969 
Ph.D. 1997, Nagoya University, Japan 
Experience: Research Associate, September 2002 and Assistant Scientist, April 2003, Brookhaven 

National Laboratory (BNL), STAR Experiment; 
RIKEN Spin Program Visiting Scientist, Experimental Group, Belle Collaboration, 
KEK, January 1,2002 - present. 
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I 

Kensuke Okada Birthplace: Japan DOB: November 20,1970 
Ph.D. 2001, Nagoya University 
Experience: Contract Researcher at RIKEN, Wako, Japan, June 2001-March 31,2002 

Research Associate, RIKEN BNL Research Center (Experiment), 
April 1,2003 - March 3 1,2006; 
RIKEN Fellow, RIKEN BNL Research Center (Experiment), 
April 1,2006 - present. 

Peter Petreczky Birthplace: Uzsgorod (Ungvar), Ukraine DOB: February 17, 1973 
Ph.D. 1999, Eotvos University, Budapest, Hungary 
Experience: Research Fellow, Bielefeld University, Germany, 1999-2002 

Goldhaber Fellow, Brookhaven National Laboratory, October 2002 - Sept. 2005; 
RIKEN BNL Fellow, RBRC Theory Group joint with Nuclear Theory 
October 1,2003 - September 30,2005; RIKEN BNL Fellow/Assistant Physicist joint 
with Lattice Gauge Group, October 1,2005 to present. 

Awards and Honors: Goldhaber Fellowship, 2002. 

Naohito Saito Birthplace: Aomori, Japan DOB: November 28,1964 
Ph.D. 1995, Kyoto University, Japan 
Experience: 1993 July, Research Fellow, Kyoto University, Japan 

1995 April, RIKEN Special Post Doctoral Fellow 
RIKENRBRC Researcher, 1996 April to March 2001 
RIKEN Spin Program Researcher, April 1,2001 - March 31,2002; 
Visiting Scientist, Experimental Group, RBRC, with Kyoto University, Japan, Spring 
2002 -present. 

Awards and Honors: Fellowship: Japan Society for the Promotion of Science, 1993-1995 

Shoichi Sasaki Birthplace: Tokyo, Japan DOB: May 31,1968 
Ph.D. 1997, Osaka University, Japan 
Experience: Research Fellow of JSPS, Yukawa Inst. Theor. Physics, Kyoto U., Japan, 

April 1997 to August 31, 1998; 
RIKEN BNL Research Associate, September 1998 to September 30,2000; 
Assistant Professor, University of Tokyo, October 2000 - present. 
RIKEN Fellow, RIKEN BNL Research Center, Theory Group, October 1,2004 to 
September 30,2006. 

JPS Best Paper Award from Japan Physical Society, 1999. 

Ralf-Christian Seidl Birthplace: Niimberg, Germany DOB: June 11,1975 
Ph.D. 2004, University of Erlangen-Niimberg and DESY, Hamburg, Germany 
Experience: Working Visit, Hermes Group at Tokyo Institute of Technology, Japan, granted by 

DFG/JSPS, October 2003; Hermes Experiment at DESY, Hamburg, Germany, 2002- 
2004; Postdoctoral Researcher, University of Illinois at Urbana-Champaign; 
Visiting Scientist, RBRC Experimental Group, May 15,2005 to present 

Awards and Honors: Fellowship: Japan Society for the Promotion of Science, 1997-1998; 
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Tsuguchika Tabaru Birthplace: Ehime, Japan DOB: July31,1971 
Ph.D. 2001, Kyoto University 
Experience: Research Fellow of the Japan Society for the Promotion of Science, 

Contract Researcher of RIKEN, April 2001 - March 2002 
RIKEN Special Postdoctoral Researcher, RIKEN Spin Program (RSP) Research 
Associate, RIKEN BNL Research Center, Experimental Group, April 2003 -January 
3 1, 2006. 

April 1996 -March 1999; 

Atsushi Taketani Birthplace: Ako, Japan DOB: February 26, 1963 
Ph.D. 1990, Hiroshima University, Japan 
Experience: Research Associate, Fermi National Accelerator Laboratory, Batavia, IL, 1990-1994 

Researcher, RIKEN, 1994-1999 
Senior Research Scientist, RIKEN, 1999- present 
RIKEN Spin Program Researcher, April 1,2001 - present. 

Kiyoshi Tanida Birthplace: Japan DOB: February 8,1974 
Ph.D. 2000, University of Tokyo 
Experience: JSPS Special Research Fellow, University of Tokyo, January 2000 -March 2000; 

JSPS Postdoctoral Research Fellow, University of Tokyo, 
April 2000 - September 2001; 
Researcher, RIKEN, October 2001 -present; 
RIKEN Spin Program Researcher, November 2003 -present. 

I 
Derek Teaney 
Ph.D. 
Experience: 

Birthplace: New York, NY DOB: Sept. 26,1972 
2001, SUNY at Stony Brook 
Postdoctoral Research Fellow, Brookhaven National Laboratory, October 2001 - 
2004 
Postdoctoral Research Fellow, SUNY at Stony Brook, July 2004 - July 2006 
Assistant Professor, Arkansas State University, July 2006 -present 

Awards and Honors: T.A. Pond Prize for Distinction on the Qualifying Exam, SUNY at Stony 
Brook, 1996 
Anthony D. Stanley Memorial Prize for Excellence in Mathematics, Yale University, 
1995 

Hisayuki Torii Birthplace: Japan DOB: June 6,1973 
Ph.D. 2003, Kyoto University 
Experience: Junior Research Associate, RIKEN, Japan, April 1999 -March 2002; 

RIKEN Spin Program (RSP) Research Associate, RIKEN BNL Research Center, 
Experimental Group, April 2003 - present. 
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Kirill Tuchin Birthplace: Makeevka, Ukraine DOB: August 11,1973 
Ph.D. 2001, Tel-Aviv, Israel 
Experience: Postdoctoral Research Associate, Institute for Nuclear Theory, University of 

Washington, 2001-2003; Postdoctoral Research Associate, Nuclear Theory Group, 
Brookhaven National Laboratory; 
*RHIC Physics Fellow, RBRC Theory Group/Assistant Professor, Iowa State 
University, Ames 

Tel Aviv University, 2000. 
Awards and Honors: Prize for research achievements from the School of Physics and Astronomy, 

Werner Vogelsang Birthplace: Dortmund, Germany DOB: October 6, 1965 
Ph.D. 
Experience: 

1993, University of Dortmund, Germany 
Postdoctoral Researcher in Theoretical Particle Physics, U. of Dortmund, 

Research Associate in Theory Group of the Rutherford Appleton Laboratory, 
Didcot, England, Oct. 1994-Dec. 1996 
Fellow in Theory Division, CERN, Geneva, Switzerland, Jan. 1997-Dec. 1998 
Post-doctoral Researcher at the Institute for Theoretical Physics at State University of 
New York, Stony Brook, January 1999 to March 2000 
RIKEN BNL Fellow, April 1,2000 - September 30,2003. 
*RHIC Physics Fellow/Associate PhysicisVRBRCBNL, 
October 1,2003 to March 31,2006; Awarded Tenure at BNL on June 1,2005. 

NOV. 1993 - Svt .  1994 

I Awards and Honors: Scholar of the "Studienstiftung des Deutschen Volkes, 1984-1990 

Yasushi Watanabe Birthplace: Tokyo, Japan DOB: February 12,1961 
Ph.D. 
Experience: 

Wei Xie 
Ph.D. 
Experience: 

1993, University of Tokyo, Japan 
Scientific Researcher, RIKEN, 1991 
Research Collaborator, PHENIX/RBRC 
Scientific Researcher, RIKEN, RBRC, 1998-2001 
RIKEN Spin Program Researcher, April 1,2001 - present 

Birthplace: Hei Meng Gu, P.R. China DOB: April 5,1970 
1997, Institute of High Energy Physics, Beijing, P.R. China 
Postdoctoral Fellow at Department of Particle Physics, Weizmann Institute of 
Science, Israel, CERESNA45 Experiment at CERN, PHENIX at BNL, October 1997 

Postdoctoral Research Associate at Physics Department, University of California, 
Riverside, PHENM at BNL, March 2000 to January 2004; 
RIKEN BNL Fellow, RBRC Experimental Group, January 2004 -present. 

-March 2000. 

Awards and Honors: Guan Hua Fellowship for outstanding students at Shandong University, 
P.R. China, 1988; Feinberg Fellowship at Weizmann Institute of Science in Israel, 
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