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Preface to the Series 

The RIKEN BNL Research Center (RBRC) was established in April 1997 
a t  Brookhaven National Laboratory. I t  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. At present 
the theoretical group has 4 Fellows and 3 Research Associates as well as 11 
RHIC PhysicsRJniversity Fellows (academic year 2003-2004). To date there a re  
approximately 30 graduates from the program of which 13 have attained tenure 
positions at  major institutions worldwide. The experimental group is smaller 
and has 2 Fellows and 3 RHIC PhysicsKJniversity Fellows and 3 Research 
Associates, and historically 6 individuals have attained permanent positions. 

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 a r e  
mentored by senior RBRC Scientists, A number of RIKEN Jr. Research 
Associates and Visiting Scientists also contribute to the physics program a t  the 
Center. 

- 
RBRC has a n  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 a t  the end of the workshop by the organizer to form proceedings, 
which can therefore be available within a short time. To date there are sixty- 
eight proceeding volumes available. 

The construction of a 0.6 teraflops parallel processor, dedicated to lattice 
QCD, begun at  the Center on February 19, 1998, was completed on August 28, 
1998 and is still operational. A 10 teraflops QCDOC computer in under 
construction and expected to be completed this year. 

N. P. Samios, Director 
November 2004 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886. 
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RBRC Scientific Review Committee Meeting 

November 16-17,2004 
Brookhaven National Laboratory, Upton, NY 11973 

The seventh evaluation of the RIKEN BNL Research Center (RBRC) took 
place on November 16 and 17, 2004, at Brookhaven National Laboratory. The 
present members of the Scientific Review Committee are Dr. Jean-Paul Blaizot, 
Professor Makoto Kobayashi, Dr. Akira Masaike, Professor Charles Young Prescott 
(Chair), Professor Stephen Sharpe (absent), and Professor Jack Sandweiss. We are 
grateful to Professor Claudio Rebbi who filled in for Professor Sharpe. In order to 
illustrate the breadth and scope of the program, each member of the Center made a 
presentation on his research efforts. In addition, a special presentation was given 
jointly by our collaborators, Professors Norman Christ and Robert Mawhinney of 
Columbia University, on the progress and status of the RBRC QCDSP/QCDOC 
Supercomputer program. 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. 

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

N. P. Samios 
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RlKEN BNL Research Center 
Building 51 OA, Brookhaven National Laboratory, Upton, NY 11 973 USA 

RBRC Scientific Review Committee (SRC) Meeting 
Brookhaven National Laboratory, Upton, NY 

Physics Department, Building 510, Open Sessions - Large Seminar Room 
November 16-17,2004 

Agenda 

Committee Members: Jean-Paul Blaizot, Makoto Kobayashi, Akira Masaike, Charles Prescott, Chair, 
Claudio Rebbi, Stephen Sharpe (Absent), Jack Sandweiss 

Tuesdav, November 16,2004 
8:OO AM to 9:OO AM Open Executive Session & Working Breakfast 

(Presentations by RlKENBBRC Administration) Room 2-1 60 
Larpe Seminar Room 
9:OO AM to 10:30 AM THEORY GROUP PRESENTATIONS-ANTHONY BALTZ, CHAIR 

9:OO 

9:lO 

9:20 

9:30 

9:40 

9:50 

1O:OO 

1O:lO 

10:20 

The First Results of Lattice QCD with 
Dynamical Domain Wall Fermions 

The Kaon B-Parameter Using Two Dynamical 
Flavours of Domain Wall Fermions 

D Meson Spectroscopy and Nucleon Structure 
on the Lattice with Domain Wall Fermions 

Lattice Calculation of the Neutron Electric Dipole ,.,Jment 

1=2 S-wave Pion Scattering Phase Shift with Two 
Flavor Dynamical Quark Effect 

The Study of Pentaquark from QCD 

Meson Spectral Functions 
at Zero and Finite Temperature 

Matrix Product Variational Formulation for 
Lattice Gauge Theory 

Instantons and the Spin of the Nucleon 

Taku Izubuchi 

Chris Dawson 

Shigemi Ohta 

Thomas Blum 

Takeshi Yamazaki 

Takumi Doi 

Peter Petreczky 

Takanori Sughara 

Thomas Schaefer 

10:30 AM Break 

11:OO AM to 12:45 PM THEORY GROUP PRESENTATIONS-LARRY MCLERRAN, CHAIR 

11:OO Melting Pattern of Diquark Condensates in Quark Matter Kei Iida 

1 1 : l O  Hydrodynamic Afterburner for the 
Color Glass Condensate at RHIC 

11:20 Photon Interferometry of Au+Au Collisions at the 
Relativistic Heavy-Ion Collider 

Tetsufumi Hirano 

Steffen A. Bass 

11:30 Odderon Evolution in the Color Glass Condensate Yoshitaka Hatta 
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THEORY GROUP PRESENTATIONS (Continued)-LARRY MCLERRAN, CHAIR 
Tuesdav. November 16,2004 (Continued - Lawe Seminar Room) 
11:40 Classical and Semi-classical Aspects of Sangyong Jeon 

Many-body Field Theories 

11:50 Impact Parameter Dependence in the Balitsky-Kovchegov Takashi Ikeda 
Equation and the Froissart Bound 

12:OO Dynamic Universality Class of the QCD Critical Point 

1210 QCD Aspects of the NuTeV homaly Stefan Kretzer 

1220 Physics of Ultrahigh-energy Cosmic Rays Alexander Kusenko 

1245 to 1:30 PM 

Large Seminar Room 

Mikhail Stephanov 

SRC Executive Session - Working Lunch (Room 2-160) 

1:30 I'M to 335 I'M EXPERIMENTAL GROUP PRESENTATIONS-GERRY BUNCE, CHAIR 

1:30 

1:45 

200 

215 

- 230 

245 

300 

3:15 

3:30 

Flow and High PT Suppression in Central Gold Collisions 

J/Y + pp in Vs = 200 GeV p-p, d-Au and Au-Au Collisions 

Single-inclusive Cross Sections and Spin Asymmetries 
in Hadronic Collisions 

Measurement of Prompt Photon in 1s = 200 GeV 
pp Collisions 

Measurement of Single Electrons in Ism = 62.4 GeV 
Au+Au Collisions at RHIC-PHENIX 

PHENIX Spin Physics Run 4 and Beyond 

The New Siberian Snake in the AGS 

Polarimetry and Physics of pC and pp Elastic 
Scattering 

Transverse Spin Physics at RHIC: Present and Future 

Masashi Kaneta 

Douglas Fields 

Werner Vogelsang 

Kemuke Okada 

Tsuguchika Tabaru 

Abhay Deshpande 

Masahiro Okamura 

Osamu Jinnouchi 

Matthias Grosse Perdekamp 

335 PM Break 

400 I'M to 500 PM EXPERIMENTAL GROUP PRESENTATIONS -HIDETO ENYO, CHAIR, 

400 CCJ Status The Computer Facility at IWZN Yasushi Watanabe 

415 PHENIX Muon Trigger Upgrade Wei Xie 

430 

445 

Silicon Vertex Tracker (VTX) Work 

Relative Luminosity Measurement at PHENIX 

JunkichiAsai 

David Kawall 

500 PM 

700 PM 

SRC Executive Session - (Room 2-1 60) 

Reception and Dinner (Three Village Inn, Stony Brook - See Invitation) 
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Wednesdav, November 17,2004 (Revised) 

8:OO AM to 8:30 AM SRC Executive Session and Continental Breakfast (Room 2-160) 

Larpe - Seminar Room 

8~30 AM to 9:30 AM QCDSP/QCDOC PRESENTATIONS-NICHOLAS P. SAMIOS, CHAIR 

8:30 AM to 9:30 AM QCDSP/QCDOC: Physics Results and Prospects/Project Status 
Norman H. Christ and Robert Mawhinney 

9:30 AM to 12:30 PM Meetings with Individual RBRC Staff - Possible Tours 

Theorists (Room 2-160) 

Experimentalists (Room 2-78) 

12:30 PM to 1:30 PM 

1:30 PM. To 2:30 PM 

2:30 PM to 3:30 PM 

3:30 I’M 

Meetings with Individual RBRC Staff (Continued) 

SRC Executive Session and Lunch - (Room 2-160) 

Meeting with RBRC Administration - (Room 2-160) 

Adjourn 

11/17/04 
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Service De Physique Theorique 
C.E.A. Saclay 
Orme Des Merisiers 
F-9 1 19 1 GIF-SUR-YVETTE, CEDEX, France 
TEL. 33 1 69 08 81 19 
FAX 33 1 69 08 81 20 
E-mail: blaizot@,spht.saclav.cea.fr 
Dr. Jean-Paul Blaizot 
Director, ECT* 
European Centre for Theoretical Studies in 
Nuclear Physics and Related Areas 
Trento, Italy 

Professor Makoto Kobayashi 
Trustee and Director 
KEK, High Energy Accelerator Research Organization 
Institute of Particle and Nuclear Studies 
1 - 1 Oho, Tsukuba-shi 
Ibaraki-Ken, 305-080 1, Japan 
TEL: +8 1-29-864-5 103 
FAX: +8 1-29-864-2397 
E-mail kobayath@post.kek,ip 

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: 202-659-8 190 
FAX: 202-659-8 199 
E-mail: masaike@jspsusa.org 

Professor Charles Young Prescott (RBRC SRC Chair) 
Stanford Linear Accelerator Center, MS 43 
P.O. Box 20450 
Stanford, CA 94309 

FAX: 650-926-3826 
E-mail: prescott@slac.stanford.edu - 

TEL: 650-926-2856 

Professor Claudio Rebbi 
Boston University 
Department of Physics 
590 Commonwealth Avenue 
Boston, Massachusetts 022 15 
TEL: 617-353-9058 
FAX: 617-353-6062 
E-Mail: rebbi@,pthind.bu.edu 7 



Professor Stephen R. Sharpe 
Physics Department, Box 35 1560 
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University of Washington 
Seattle, WA 98195-1560 

FAX: 206 685 0635 
E-mail: sharpe@phy s .washington.edu 

TEL: 206-685-2395 
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University of Southampton 
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Professor Jack Sandweiss 
Yale University 
Physics Department 
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New Haven, CT 06520-8121 
TEL: 203-432-3358 
FAX: 203-432-6125 
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RIKEN BNL Research Center (RBRC) 

Nicholas P. Samios 
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RIKEN BNL Research Center 

1997 - 2004 Renewed in 2002 for another 5 years 

The Center is dedicated to the study of the 
strong interactions, including hard QCD and 
spin physics, lattice QCD and RHlC 
(Relativistic Heavy Ion Collider) physics 
through the nurturing of a new generation of 
young physicists. 

T. D. Lee 

N.P. Samios 
H. En'yo 

1. McLerran 
A. BaItz 

H. En'yo 
G. Bunce 

First Director (1 997 - 2003) 
Director Emeritus (2004 - ) 

Director 
Associate Director 

Theory Group Leader 
Deputy Theory Group leader 

Experimental Group leader 
Experimental Deputy Group leader 
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RHIC - Great Year 

Accelerator: Heavy Ions 

Au x Au 200 GeV/A -1,000 pb-1 
Au x Au 62 GeV/A - 20pb-1 

Physics: 

A very hot (T- 200 MeV), highly dense (p - 5 GeV/f) 
State of matter has been formed in Au x Au 
collisions at RHIC. Theorists call it a strongly 
interacting quark-gluon plasma (sQGP). 

Other: 

d x Au 200 GeV/A Color Glass Condensate 

J/v, open charm, direct photons 

14 
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RHIC Run-4 - Au-Au luminosity evolution 
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Spin 

+ 
P X  

+ 
P 200 GeV/c - 3,000 nb-1 

Acceleralor: 
Warm helical snake 

Hydrogen jet target 

Measured at injection and store (blue ring) 

45% polarization 

Absolute calibration 

Cold Siberian Snake 70% polarization 
S u ccessf u Ily tested 
Insert into AGS - January 2005 

Physics: 
Measure ALL 

Direct photons 
Agrees with NLO pQCD 
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Delivered Integrated Luminosity of RHIC 
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Result with NLO pQCD calculation 
Bands represent systematic errors. 

Errors on the backgrounds result in 
enlarged errors on the signal, 
especially at low-pT region. 

NLO-pQCD calculation 
- CTEQGMPDF. 
- Gluon Compton scattering 

+ fragmentation photon 
- Set Renormalization scale 

and factorization scale 
pT/2, pT2p-T 

I The theory calculation shows a good I 

Oct..2004 Italy Kensuke Okada (RBRC) 9 
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QCDS P/QCDOC 

Operations QCDSP (0.6 Teraflops) 

Efficiency > 99% 

QCDOC (1 0 Teraflops) 

Being assembled and under test 

(UK QCDOC, 10 Teraflops, Assembled, tested 
and shipped) 
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RBRC 
Director Emeritus: T. D. Lee 
Director: N. P. Samios 
Associate Director: H. En’yo 

Theory Group leader : 
Deputy Group leader: A. Baltz 

1. Mclerran 

Experimental Group leader: H. En’yo 
Deputy Group leader: G. Bunce 

Theory Advisory Committee: 
T. D. lee 
1. Mclerran 
A. Baltz 
M. Creutz 

- M. Gyulassy 
R. Pisarski (T. 1. Trueman) 

Experimental Advisory Committee: 
A. Masaike 
J. Sandweiss 
S. Nagamiya 

Works hops : 13 
Publications: 84 Theory/67 Experiment 
Seminars: 6/week 
Other Articles: 2/10 
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Volume 56 

Volume 57 

Volume 58 

Volume 59 

Volume 60 

Proceedings of RIKXN BNL Research Center Workshops 

(November 2003 to November 2004) 

RBRC Scientific Review Committee Meeting (BNL-7 1899-2003) 
November 20-2 1 , 2003 
Organizers: N. P. Samios and T. D. Lee 

High plPhysics at RHIC (BNL-72069-2004) 
December 2-6,2003 
Organizers: Stefan Kretzer, Dave Morrison, Raju Venugopalan, W. Vogelsang 

RHIC Spin Collaboration Meeting XX (BNL-7 1900-2004) 
November 18,2003 
Organizer: Les Bland 

RHIC Spin Collaboration Meeting XXI, XXII, XXIII (BNL-72382-2004) 
January 22,2004, February 27,2004, March 19,2004 
Organizer: Akio Ogawa 

. 

Lattice QCD at Finite Temperature and Density (BNL-72083-2004) 
February 8-12,2004 
Organizers: T. Blum, M. Creutz, and P. Petreczky 



Volume 61 RIKEN-TODAI Mini- Workshop on “Topics in Hadron Physics at RHIC,” 

March 23-24,2004, Nishina Memorial Hall of RIKEN, Wako, Saitama, Japan 
Organizers: H. En’yo, H. Hamagaki, T. Hatsuda, Y. Watanabe, and K. Yazaki 

(BNL-72336-2004) 

Volume 62 New Discoveries at RHIC (BNL-7239 1-2004) 
May 14-15,2004 
Organizers: Wit Busza, Miklos Gyulassy, Larry McLerran 

Volume 63 RHIC Spin Collaboration meetings XXIV, XXV, XXVI (BNL-72397-2004) 
May 21,2004, May 27,2004, June I, 2004 
Organizers: Akio Ogawa and Greg Rakness 

Theory Summer Program on RHIC Physics (BNL-73263-2004) 
May - September 2004 
Organizers: D. Kharzeev, S. Kretzer, D. Teaney, K. Tuchin, 
R. Venugopalan, W. Vogelsang 

N 
rD 

Volume 64 

Volume 65 RHIC Spin Collaboration Meetings XXVII and XXVIII (BNL- )* 
July 22,2004 and September 2,2004 
Organizer: Akio Ogawa 

Volume 66 RHIC Spin Collaboration Meeting XXIX (BNL- )* 
October 8-9,2004 at Torino, Italy 
Organizer: Akio Ogawa 



Volume 67 High Performance Computing with BlueGeneL and QCDOC 
Architectures (BNL- )* 
October 27 & 28,2004 
Organizers: Gym Bhanot, Norman Christ, Jim Davenport, Ed Jedlicka, Robert 
Mawhinney, Edward McFadden, Michael McGuigan, Thomas Schlagel, and 
William Pulleyblank 

. 

Volume 68 Workshop on the Physics Programme of the RBRC and UKQCD 
QCDOC Machines (BNL- )* . 
November 12-13,2004 
Norman Christ, Richard Kenway, Robert Mawhinney, and Shigemi Ohta 

w 
0 

*In press 



Noteworthy Publications 

Volume 9 New Discoveries at RHlC 
The Strongly Interacting QGP 
April 5, 2004 

Volume 62 RBRC Workshop 
New Discoveries at RHlC 
May 14-15,2004 

Nuclear Physics A (to be Published) 
Special Issue 
Quark Gluon Plasma 
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Future Workshops: RBRC/BNL 

Strong I y Coupled Plasmas : 
Electromagnetic, Nuclear & Atomic 

Organizers: Barbara Jacak, Edward Shuryak, 
Tim Hallman, Steffen Bass, and Ron Davidson 

Dates: December 16-17,2004 
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THEORY PUBLICATION LIST 

November 2003 to November 2004 

RBRC-389 Anna Kulesza, George Sterman, and Werner 
Vogelsang, "The Resummed Higgs Boson Transverse 
Momentum Distribution at the LHC," 
[hep=ph/0311265], XXVII International Conference of 
Theoretical Physics, Ustron', Poland, September 15-21, 
2003, Acta Phys. Polon. B 34,5503-5510 (2003). 

W 
W .......... 

RBRC-472 Werner Vogelsang, "Large-x Resummations in QCD," 
to appear in the Proc. of the 2nd HiXWorkshop, 
"Structure of the Nucleon at Large B jorken-x," 
July 26-28, Marseille, France. 



Other RBRC Scientific Articles Proceedings Volumes: I 
Volume 1 Prospects for Spin Physics at RHIC 

Gerry Bunce, Naohito Saito, Jacques Soffer, Werner Vogelsang 
July 2000 

RBRC-Brookhaven-Columbia Collaboration 
November 2000 

Volume 3 ScienMic Presentations: 7th Meeting of the Management 
Steering Committee of the RIKEN BNL Collaboration, RIKEN, 
Wako, Japan, February 13-14,2001 

Thomas Blum and Robert Mawhinney 
RBRC-Brookhaven-Columbia QCDSP Collaboration 
July 26,2001 

Steering Committee of The RIKEN BNL Collaboration, 
RIKEN, Wako, Japan, March 11-12,2002 

RIKEN BNL Research Center Fifth Anniversary 
Celebration, April 30,2002 

Recent Experimental Results from RHIC 
N. P. Samios 
Dubna, Russia, January 18,2002 

RHIC Physics, CCAST, Beijing, China, 
April 7,2003 

Brookhaven National Laboratory, Upton, New York, 
April 5,2004 

Steering Committee of the RIKEN BNL Collaboration 

Volume 2 Status Report on the Calculation of E'/& 

Volume 4 CP Violation in K Decay From Lattice QCD 

Volume 5 Scientific Presentations: 8"" Meeting of The Management 

Volume 6 BNL/RIKEN RHIC Spin Physics Symposium 

Volume 7 Reflections on My Contributions to Particle Physics and 

Volume 8 RBRC/CCAST Symposium on Spin Physics, Lattice QCD and 

Volume 9 New Discoveries at RHIC-The Strongly Interactive QGP 

Volume 10 Scientific Presentations loth Meeting of the Management 
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Spin Physics 
(Theory & Exp) 

Nuclear Physics 

High Energy-RIKEN Theory 

QCD and RHIC Physics 
(Theory & Exp) 

High Energy Theory 
Lunch Talks 

Nuclear Physics-RIKEN Theory 

Weekly Seminars 

Tuesdays 
(1O:OO a.m.) 

Tuesdays 
(1 1 :00 a.m.) 

Wednesdays 
( 1 :30 p.m.) 

Thursdays 
(12:30 p.m.) 

Fridays 
(12:OO Noon) 

Fridays 
( 2:OO p.m.) 

Organized by Y. Goto 
W. Vogelsang 
A. Deshpande 

Organized jointly by 
W. Vogelsang 
with BNL Staff 

Organized jointly by 
S. Ohta with 

BNL Theorists 

Organized by 
P. Petreczky 
K. Iida 

Organized by A. Soni 

Organized jointly by 
P. Petreczky 
with BNL Staff 
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RBRC Tenure Track RHIC Physics Fellow Program - Status 
RHIC Physics Fellow 
Graduates 
Bodeker, Dietrich 

Kharzeev, Dmitri 

Rischke, Dirk 

Son, Dam Thanh 

RBRC Dates 

12/2000 to 12/2001 

OW1997 to 09/1999 
10/1999 to 03/2000 

09/1997 to 09/2000 
10/2000 to 01/2001 

1011999 to 03/2002 

Venugopalan, Raju 10/1/98 
lO/,ldOO to 6/30/03 
06/1/02 Tenure 

Position 

RHIC Physics Fellow, 
BNL 
RIKEN BNL Fellow 
RHIC Physics Fellow, 
BNL 
RIKEN BNL Fellow 
RHIC Physics Fellow, 
BNL 
RKIC Physics Fellow, 
Columbia IJ. 

I 

Bass, Steffen I 09/01/2000~ 

New Position 

Professorship, C-4 

Physicist, Tenured Staff 

Professorship, C-4 

Tenured Position 

Asst. Physicist, BNL; 
RHIC Physics Fellow, 
BNL 

Phjrsicist, Tenured 

I 

Blum, Thomas 

Izubuchi, Taku 

Jeon, Sangyong 

10/1998 to 09/2003 
01/01/2004 - 

04/01/2003 - 

01/01/2001 4 

Kanazawa U., Japan/ 
Physicist with Tenure 
RHIC Physics Fellow; 
McGill /Asst. Prof. 
RHIC Physics Fellow; 
UCLA/Asst. Prof. 

University Fellows 
Have Research 
Collaborator 
Appointments at BNL 

Tenured 
Associate Professor 

RHIC Physics Fellow, 
U. of Tsukuba, Japan 
RHIC Physics Fellow, 
Duke U./Asst. Prof. 
RIKEN BNL Fellow 
RHIC Physics Fellow/ 

Kusenko, Alexander 

UComdAsst. Prof. 
RHIC Physics Fellow, 

1011999 - 09/30/04 
05/2003 (Tenure) 

Present Institution 

U. of Bielefeld, 
Germanv 
BNL 

Inst. f. Theor. Phys. 
J.W. Goethe-Univ. 
Frankfurt, Germany 
U. of Wash, Seattle, 
Natl. Inst. for Nucl. Th 
BIK 

RBRCAJ. of Tsukuba 

RBRCtDuke U 

RBRCKJ. Connecticut 

RBRCKanmwa U. 

RBRCMcGill 

RBRCAJCLA 



w 
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Position RHIC Physics Fellow 
Present Program 
Schaefer. Thomas 

New Position 

Stephanov, Mikhail 

RHIC Physics Fellow, 
SUNY, SB/Asst. Prof. 
NCSU 
RHIC Physics Fellow, 
UIC/Asst. Prof. 
RHIC Physics Fellow; 
U. of Arizona/Asst. 
Professor 

van Kolck, Ubirajara 

Tenured at NCSU 
Associate Professor 
Tenured 
Associate Professor 
Tenured 
Associate Professor 

Vogelsang, Werner RIKEN BNL Fellow 
RHIC Physics Fellow 
BNL/Associate Physicist 
RHIC Physics Fellow, 
Yale/Asst. Prof. 
Associate Professor 
(2003) 

Wettig, Tilo Professorship 

Experimentalists 
Deshpande, Abhay 

Fields, Douglas 

Grosse Perdekamp, 
Matthias 

RBRC Dates 

0 1 /2000 

01/2003 (Tenure) - 

08/2003 (Tenure) 
10/1999 - 09/30/04 

09/2000 - 08/3 1/2004 
08/2003 (Tenure) 

4/1/2000 to 9/30/2003 
10/1/2003 - 

10/1999 - 09/30/2004 

02/0 1 /2000 to 12/3 1 /03 
0 1 /O 1 /2004 - present 

09/200 1 

01/1999 to 8/31/02 
09/01/2002 - 

RIKEN BNL Fellow 
RHIC Physics Fellow, 
SUNY, SB/Asst. Prof. 
RHIC Physics Fellow, 
U. of New Mexico/Asst. 
Professor 
RIKEN BNL Fellow 
RHIC Physics Fellow, 
U. of Illinois. Urbana 
ChamDaidAsst. Prof. 

Present Institution 

RBRC/NCSU 

RBRC/U. of Illinois, 
Chicago 
RBRCAJ. of Arizona 

RBRCBNL 

U. of Regensburg, Inst. 
for Theoretical Physics, 
Germany 

RBRC/SUNY, Stony 
Brook 

RBRC/U. of New 
Mexico 

RBRC/U. of Illinois 
Urbana Champaign 



Prospective Universities - Expected Start Date: September 2005 

Theory 
Iowa State University, Arnes, IA 
University of Maryland, College Park 
Purdue University, W. Lafayette, IN 
SUNY, Stony Brook 
UCLA (tentative) 

Experiment 
os University of Massachusetts, Arnherst 



10/1/04 
Theory Group 

Larry McLerran Theory Group Leader 
Anthony J. Baltz, Deputy Theory Group Leader 

RBRC Research Scientists (2003 - 2004) 

Research Associates 
(Post Docs) 
Kretzer, S. (Joint NT) 
Nemoto, Y. (5/31/04)* 
Noaki, J (6/30/04)* 
Yamada, N. (10/31/04)* 
Yamazaki, T. 
Yuan, Feng 

RSP Research Associates 
Hatta, Y. 
Hirano, T. (8/31/04)* 
Doi, T. 
Ikeda, T. 
Sugihara, T. 

RBRC Theorv 
Advisow Committee 
Baltz, A. 
Creutz, M. 
Gyulassy, M. 
McLerran, L. 
Trueman, T. L. (9/30/04)* 
Pisarski, R. 
RSP Young; Researcher 
Hashimoto, K. 
Yokoya, H. 

Research 
Collaborators 
Mawhinney, R. 
Consultants/ 
Visiting Scientists 
Gyulassy, M. 

Fellows 
Dawson, C. 
Iida, K. Hirano, T. 
Petreczky, P. (Joint NT) 
Sasaki, S. Orginos, K. (3/31/04)* 

Tenure TracWRHIC PhvsicsNisiting Fellows 
Aoki, S. (Tsukuba U.) 
Bass, S. (Duke) 
Blum, T. (U. of Conn) 
Izubuchi, T. (Kanazawa U.) Computer - Scientist 
Jeon. S. (McGill) Dong, Z. 
Kusenko, A."(9/30/04) (UCLA) 
Schaefer, T. *(12/31/04) (NCSU) 
Stephanov, M.*(9/30/04) (U. of IL, Chicago) 
van Kolck, U. *(8/31/04) (Arizona) 
Vogelsang, W. (BNL) 
Wettig, T. * (9/30/04) (Yale) 

Ohta, S. 

Shuryak, E. 

*Appointment will terminate RSP = RIKEN SPIN PROGRAM 
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10/01/04 
Experimental Group 

Hideto En’yo, Group Leader 
Gerry Bunce, Deputy Group Leader 

RBRC Research Scientists (2003 - 2004) 
, 

Research Associates 
Jinnouchi, 0. 
Kaneta, M. 
Okada, K. 
Fellows 
Kawall, D. 
Xie, W. 

Tenure TracWRHIC Fellow 
Deshpande, A. (SUNY, SB) 
Fields, D. (UNM) 
Grosse-Perdekamp, M. (UIUC) 

RIKEN Spin Program 
(RSP) Researchers 

Akiba, Y. 
Goto, Y. 
Ichihara, T. 
Taketani, A. 
Tanida, K. 
Watanabe, Y. 

RIKEN Spin Program 
(RSP) Research Associates 
Asai, J. 
Yokkaichi, S. 
Tabaru, T. 

RIKEN Spin Prograd 
Visiting Scientists 
Kurita, K. ( Ends 3/31/04) 
Li, Zheng 
Ogawa, A. 
Saito, N. 

, Torii,H. 

Advisorv Committee 
Experiment 
Masaike, A. 
Nagamiya, S. 
Sandweiss, J. 
Consultants 
Jaffe, R. 
Roser, T. 
Makdisi, Y. 
Tannenbaum, M. 
RBRC Young Researches 
Gabbert, D. 
Nakano, K. 
RIKEN Tr. Res. Assoc. 
Fukao, Y. 
Hachiya, T. 
Horaguchi, T. 
Kajihara, F. 
Takano, J. 
Tsuchimoto, Y. 
Visiting Res. Assoc. 
Kiyomichi, A. 
Sato, H. . 

Tojo, J. 
RIKEN Researchers 
Okamura, A. 
RIKEN Young Res. 
Kamihara, N. 
Okada, H. 
Togawa, M. 

Technical Collaborator 
Hiejima, H. (UIUC) 
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RBRC Experimental Group Overview 

Hideto En’yo 
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RBRC ~xp~rimenta~ Group 
O v e ~ i e w  

Hideto En’yo 
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With Improved Pol. Pi0 
A,, measurements 
became more significant. 0.051 * Combined 

1 no kL from pp atfFk200 GeV 

- 4 0.1L 4 Run4 

0.05) 

(Y. Fukao et al.) 

-0.05 

-0mIF 

1 
- 

Scaling error of -65% 
1 is not included. 

I a I 1  , I ,  I , , I , ,  

Consistent with GRSV-std 
Less consistent with GRSV-max 

4 pr (GeV/c) 
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Gas Jet ! (p+p CNI) H. Okada et al. 

- 
- progress 
- 

1 I I I I l l 1  1 I I I 1  I I l l  

z0.06 a - 
7 preliminary 

0.03 
F. 
-4 0'0*1 0.01 

I T T 
I/" R C O l l  tktcctors 

ode11 (Re r5= -0.02) 

on-hadron spin flip 
A. 



Banel VTX 
I 

GamaHets  
VTX With VTX 

Strips detector W&o&RE5RC Pixel at C E W  (NA60) 

. .  . .  . .  , -w*. . .  
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Student Status (RBRC& Wako) 
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Theoretical Physics at RBRC 
Strong Interaction and QCD 

Future Directions: Lattice Gauge Theory 

Larry McLerran 
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Theoretical Physics at RIKEN-BNL Center 

Strong Interactions and QCD 

How are strongly interacting particles made from fundamental constituents? 

How do fundamental interactions of QCD produce mass and confinement? 

What is the behavior of strongly interacting matter in bulk? 
Nuclear Matter 4 Quark Gluon Plasma 

What is the physics beyond the standard model? 
Tests of CKM matrix. 

All issues intertwined! 
Require understanding and computation. 

I 



Current Interests in RIKEN-BNL Center 

Lattice Gauge Theory 

Masses and matrix elements of hadrons 
CKM matrix 

Properties of QGP and hadronic matter 

Color Glass Condensate and Quark Gluon Plasma 
RHIC Phenomenology 
Everything for II: < 10 -2 

- 

Structure of Hadrons 

Origin of spin 
Quark and gluon distribution functions 
Perturbative QCD at RHIC and LHC 

2 



Lattice Gauge Theory 

Tests QCD 

0 .  I 

, -  . , .  

0 3 

x 

Tests Confinement Computes Masses 

QCDOC Project promises I O +  TFlops 

with realistic quark masses 
Allowing great progress for realistic computations 

Comwte Finite T QCD 3 



Matter at High Density 

I t I I 

io4 io3 io-2 io1 x 
wl '< 00 

High Energy => High Gluon Density 

h. 

Effective 
Tempi 

High Density => Short Distances 

I Mmma 

EwrgDauiQ - - 2030 tinies 
that imide B 

proton 

Enew Density - ill corn  
of Neutron Stars 

Energy Density nf 

Energy Density High 
Matter Strongly Interacting 

Quark Gluon Plasma 
Qualitatively New Region 

Of Phase Space 

Strongly Interacting QGP 
Color Gla ss Condensate 

Erfeciive &ryw 
F e d  Energy 

25 50 100 200 400 EM 4 



Spin and Perturbative QCD 

Spin structure functions 
Flavor Content of the sea 

Predictions for pp collisions at RHK - W Vogt:sarp 0 S Krctaei 

MLO QCD calcklatlws of ems sectior for high ylr- piOC pmdixtior 

High pT production 
Baseline for CGC 

And QGP predictions 

5 



is BNL a Good Place to Study QCD? 

T. D. Lee 
RHIC 

QCDOC 

Strong theory groups: 
BNL, Columbia, Stony Brook 

In both HEP and NP strong interest in 
theory and experiment 

Supportive atmosphere for young people 

6 



Relations 

QCDOC and Lattice Gauge Theory 
Joint Columbia-RBRC Project 

NT hired Jung as Junior Faculty 
NT hired Petreczky as RBRC fellow 
Offer out to Karsch for Senior Scientist 
with funds available for various junior faculty 

Spin and pQCD 
Vogelsang became joint BNL RBRC fellow 

Kretzer a joint PD with NT 
Koike visits for 1 year 

PD fellow in RBRC works with Vogelsang 

RHIC Physics 
Strong collaboration continues. 

7 



RIKEN-BNL Physics Fellows 

Graduates Current Fellows 
D. Bodeker, Tenured C4, Bielefeld 
D. Kharzeev ,, Tenured BNL 
D. Rishke, Tenured C-4 Frankfurt 
D. Son, Tenured U of Washington 
R. Venugopalan, Tenured BNL 
T. Wettig, Tenured C-3 Regensburg 
M. Stephanov Tenured U of Ill, Chicago 
U. Van Kolck, Tenured U of Arizona 
T. Schaefer, Tenured U of N. Carolina 
A. Kusenko, Tenured UCLA 

S. Bass, Duke 
T. Izubuchi, Kanazawa 
S. Jeon, McGill 
T. Blum, U of Connecticut 
W. Vogelsang, BNL 
P. Petreczky, BNL 

In Negotiation: 

UCLA, Maryland, Purdue, 
Iowa State, Stony Brook, 
I I I i nois, Arizona. . . . . . 

8 



Future Directions: 

165 " " ~ " " 1 1 " ' 1 1 " ' 1 ' ~  

184 - 
quark-gluon plasm6 - 0 (.'..PI 

== I, 
=.%. crosaover - 

Precision computations of CKM parameters E- 1 hadronic phase lL'r,endpoint I 

X 

Ultimate physics goals: 
h 

% + =r - g 163 - *.r - 
Precision test of non-perturbative QCD 

i tBq Gluon and quark structure of hadrons 162 

l , , ~ , l , , , , i , , , , l , , , , i , ~  

Lattice Gauge Theory 
Forming a Lattice Gauge Theory Group at BNL 

DOE HEP and NT Center for Lattice Gauge Theory 
Collaborate with RBRC, Columbia 

Longer term future: 1000 TFlop Machine 

m w 

1 



N ew D i rect io.ns : 

RHIC I1 and eRHIC 
Understanding the origin of sea quarks and glue 

Tests of CGC and QGP ideas with hard probes: 
The nature of spin in hadrons 

' photons, charm 
Thermalization: Where CGC meets QGP 

Tests of CGC ideas in forward physics eRHlC 

0.02 ,'. . I ' ' ' . 
G T  
0.01 

0 

-0.01 

? 

l o 4  i o Q  IO-' 10" IO" 10.' 1 

X 

LHC Phenomenology: Very Small x, Heavy Ions, EW 



Scientific Frontiers at eRHIC 

ucleon Structure: polarized & unpolarized e-p/n scattering 
e 

0 

e 

0 -- Correlation between partons 
0 

-- Role of quarks and gluons in the nucleon 
>> Unpolarized quark & gluon distributions, confinement in nucleons 
>> Spin structure: polarized quark & gluon distributions 

>> hard exclusive processes leading to Generalized Parton Distributions (GPD’s) 

eson Structure: 
e -- Mesons are goldstone bosons and play a fundamental role in QCD 

uclear structure: unpolarized e-A scattering 
e 

e 

-- Role of quarks and gluons in nuclei, confinement in nuclei 
-- e-p vs. e-A physics in comparison and variability of A: from d+U 

adronization in nucleons and nuclei & effect of nuclear media 
e -- How do partons knocked out of nucleon in DIS evolve in to colorless hadrons? 



THEORY PRESENTATIONS 
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The First Results of Lattice QCD with Dynamical 
Domain Wall Fermions 

Taku Izubuchi 
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The first results of lattice QCD 

with 

ynamical Domain Wall Fe 

Taku lzubuchi 

NL Reserch Center 

for the Riken-BNL-Columbia collaboration 



Introduction 
Domain Wall Fermions 

Is 2 
-3 J 

Both chiral and flavor symmetry are realized at finite lattice spacings, a,  in a 
good approximation. 

Small O(a) discretization errors : 0 ( c H T I , ~ = ~ < ~ ~ )  o(o.2nL;). 
( c.f. J. Noaki's talk for quenched simulations. ) 

Si m p Le, Con t i nu u rn - li ke PQC h PT (partially 

spacings. 

uenched chiral perturbation theory) 
41 N formulae are presumably applicable for 17s on finite lattice 

No unphysical operator mixing in flavor space, and a very small mixing with 
wrong chirality operators. 

Positive determinant for positive quark mass ( 
= J I  det 6212 for odd flavor(s). 

DWF is one implementation of Ginsparg-Wilson fermions, 
which would be the closest lattice fermions to the c 
one, 

Taku Izubuehi, RBRC SRC, 16,17/Nov/2004 2 



Plan of this talk 

Introduction 

HMC Evolution Details 

Physical Results 

Conclusion 

3 'Iaku Izubuchi, RBRC SHC, 16,17/Nov/2004 



MC Evolution Details 

As this i s  the first large-scale study of NF = 2 Dynamical DWF, 
somewhat detailed description about the 
may be worth reporting. 

To compensate a part of the expense adding the fifth dimen- 
sion needed for flavor-chi rat symmetry several improvements 
are made on top of the simulations done by Columbia Univ. 

BI B 0 

4 
I * 

RG improved gauge actions 
Improved fermion force term 
Chronological inverter 

Taku Izubuchi, RBRC SRC, 16,17/Nov/2004 4 



The residual chiral symmetry breaking 
From five dimensional Wilson fermion,+(x, s), with Wilson mass --A/& ( M 5 :  DWF 
height), 
the 4-dim quark i s  picked up from left ( 1  rqM)  chirality part at boundaries: 

I a . .  . . .  I .,: 1 2 . . .  
1 

-J cn From the axial Ward-Takahashi identity, _. ” 

( J )  : non-singlet pseudoscalar, 
.J;(/ ( . r h  j : explicit breaking term apAE(x) = 2mf J;(x) + 2cJ;,’&r) 

2 (mf + m,.( .) J,”(x) consists of field at s = L,/2 - 
1, Ls. 

with the measure of the residual chiral symmetry breaking, 

5 



m r e s  in quenched simulations 
In practice L,  & a few 10 is  preferable. A t  the same time am,,, must be small, 
less than a few MeV, to realize the advantages of DWF. 

quenched DWF QCD 

Wilson gauge action 
RG improved gauge actions QD5W2, Iwasaki, Symanzik), 
a-l N_ 1.3 ,2 ,  and 3 GeV. 

a'-' ;$I 2 GeV 

for 6-l x 2 GeV, and L,  = 16. 

0 Wilson: 2 GeV 
0 Iwasa!4:2GeV 
0 DBW2;2GeV 

In RG actions, the negative coefficients to the rectangular plaquette 
dislocations, but the parity broken phase, stil l  exists for small enough /? 

Taku Izubuchi, RBRC SRC, 16,1.7/Nsv/2004 6 



Anticipation of TT?,,,,, in the NF‘ > 0 simulations 

To keep the scale obtained from the loiry d i 5 h t 1 L  physics same, ,O for the 
dynamical simulation must be decreased from that of the quenched. 

The gauge field a t  the short-distance i s  as rough as that of quenched simulation 
with same (small) /?. ( consistent with observations using Schwinger-Dynson 
technique (C D,wwsean) ) 

m,,, should be larger than that of quenched simulation. 

In fact, 

Aiming for (1, = 2 GeV, we set 

DBW2 gauge action with = 0.80 

by preparatory studies on small lattices, and extrapolations from quenched results. 
c.f. f-11 !C”lla’!76Yi i‘%$ 2 f re .%lr l  i ) l  

;ij = 1.04 : ( L -  ’ % 2GeV . 
/3 = 0.87 : ( tJ- l  z 7.3GeV . 

7 Taku Izuhuchi. RBRC SRC, 16,17/Nov/2004 



Simulation parameters 

Lattice size : 163 x 32 

RG improved gauge actions (DBW2) 

/3 ==: 0.80 

N F = ~  degenerate Dynamical Domain Wall Fermions 

A practical size of the fifth dimension ( L ,  = 12, M5 = 1.8) 

Three dynamical masses: msrn = 0.02,0.03,0.04 

HMC-Q algorithm. 

The conjugate momentum is  refreshed every x 0.5 molecular dynamics (MD) 
time. 

statistics: ,-., 5,000 trajectories 

m s e a  At Steps/Traj. Traj. Acceptance 
0.02 1/100 51 5361 77% 

0.04 1/80 41 5605 68% 
0.03 1/100 51 61 95 78% 

Taku Izubuchi, RBRC SRC, 16,17/Nov/2004 8 



MD, 

Scal 

Acceptance 
Acceptance, (P(,(.(-), i s  related to A TI = [If -- ( the energy difference between 
the first and the last configuration in a trajectory due to the finite step size in 

At > 0) : 

( ( A H ) 2 )  = C*1r2V(At)*. 

W 4 By measuring ( (AH)2)  (preliminary: standard deviation error) 

m s e a  At Steps/Trajectory (P,,,) I1 
0.02 1/100 51 77 % 16.2(2) 
0.03 1/100 51 78 % 15.8(1) 
0.04 1/80 41 68 % 16.4(2) 

The scaled acceptance, CAH, i s  insensitive to rnsPn in current parameters, 
cx - 2 would be an empirical estimation. while oc V L ~ ~ , ~ ,  

fl 

Note 
0.55 - 0.65 ). CA~{ would likely increase for lighter quark mass. 

These are results for relatively heavy dynamical masses ( W L ~ / ~ ~  N 



Improved Force Tern 

DWF needs Pauli-Villars field of mf = 1 to cancel off thk divergence of the bulk 
(5-dim) fermions. 

@iq.  t t  [D  D ( m f  = l)] 

Previous works used pseudo fermion field, @ F ,  and Cppv separately: cancellation 
was done stochastically larger force due to the “mismatch” between (PPV 

A and ~ D F  in a trajectory. 

Improved method uses one pseudo fermion field for both fermion and Pauli-Villars: 
Qo 
0 

Switching to SrJf3,i5, acceptance increases from 56% to 77%, while CAH decreases 
from 39(4) to  16.2(2) for, msea = 0.02. 

Taku Izubuchi, RBRC SRC, 16,17/Nov/2004 10 



Chronological Inverter 
( ' 1  IV<tr leYr irsos 

In each MD step, we need to solve: AI[U,,]X rz 11. 

Forecast solution using w8r I t  ifSiI% 

Orthogonal basis from previous N p  
solutions of CG, i B  f 6 r m  Se h i t l t k )  

Solve linear equation in N p  dim 
subspace. 

use the solution for the CG guess 
vector 

overhead: 1 N 2 x N;f CG count. 

I o5 

1 on 

D 3  

10 ' O  

residual vs CG iterations 

Taku Izubuchi, RBRC SRC, 16,17/Nov/2004 



Chronological hwerter.. . 
: average number of matrix multiplication in CG using previous i solution 

vectors in  the forecasting. 
Ng;') : average total number of multiplication in a trajectory. 

N( i )  stop decreasing for i X 7 for the parameters we use. 

1500 

From simple power f i t s  for the three 
points, 

1000 

-Pi B N,$L = C i ( m s e a  + m r e s )  c3 
0 

Note these numbers would be suscep- 
tible to the particular run parame- 
ters, especially to At. 

0 - .  I 
I1 0.02 0.03 0.04 0.05 

"'sea f mres 

Taku Izubuchi, RBRC SRC, 16,17/Nov/2004 
I 
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Static Quark Potential, BI 

The static quark potential i s  extracted from Wilson loop, W(F, t ) ,  using APE 
smear: 

The smear parameters are tuned to maximize C(?): ( C , T L )  - (0.5,20).  For 
arbitrary F, all shortest paths are accumulated to increase the number of data 
points (8ki l rSw~ + 1 . 

W(?, t )  = LV(i', 0) C ( F )  e - L - ( r ) t  

3 7  

1 2  c 

941, 559, 473 configurations for 
mlscrr -= 0.02, 0.0:3, 0.04. Statistical 
error by the jackknife estimation for 
block-average over 50 trajectories. 

V(T- )  has plateau at t E [4 ,6] .  

V ( r )  extracted at [ t , t  + 13 ap- 
proaches to plateau from below for 
small T - .  C(T.) > 1. iNec.cc,) 

C ( r )  decreases at large r only in dy- 
namical configuration as seen in other 
dynamical simulations ( 

5, s arid 9 + k  . * * )  . 

Takii ~zubuchi, RBRC SRC. 16,17/Nov/2004 15 
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and dec 

chiral limit: mf = --mres 

Hadron made of degenerate valence quarks (except BK). 

Coulomb gauge fixed wall source point sink for hadron masses, and non-gauge- 
fixed wall-point (Kuramashi wall) for decay constant. 

94 configurations from every 50 trajectories for each msea leaving first N 600 
configurations for thermalization. 

00 
00 

Chiral extrapolation: 
observables in lattice unit are extrapolated. 
Linear functions of m,,,, mvt,,l. 

The next-to kading order partially quenched chiral perturbation 
theory formulae (NLO). 

Taku Izubuchi, RBRC SRC, 16,17/Nov/2004 18 



t 

Taku Izubuchi. RBRC SRC, 16,17/Nov/2004 

Wall - point correla tor, 

constant fit at t E [4, 161. 

The quark mass dependence i s  very weak. 

Chiral limit i s  defined as 

mf = mrcsi711.4f) = 0.001372(44) 

Larger than quenched DBW2 (p  = 1.04) 
value for same L,s = 12. 

An order of magnitude smaller than input 
quark mass, under control. 

19 



rg 
0 

0.085 

0.08 

0.075 

0.07 

0.065 

0.06 

0.055 

Pseudoscalar decay. constant 

- - 
/ - 

-- 2s' - " 

- 
- A dynamical extrapolation 
- - 

' I  ' I I '  ' I  ' I  ' ' ' 

2 4 6 8 10 12 14 16 
timeslice 

0.115 

0.105 

0.1 

0.095 

un-gauge-fixed wall source point sink 
pseudoscalar correlator ( J5 J5) .  

has larger statistical error for 
mass, but consistent with ( J &  J:). 

linear fit for mval, m s e a  E [0.01,0.04]: 

f = 0.0783f14) 

Taku Izubuchi, RBRC SRC, 16,3.7/Nov/2004 20 



Pseudoscalar decay constant ... 

0.115 

0.11 

0.105 

0.1 

NLO fits are also examined. 

m v a l ,  m s e a  E [0.01,0.03] 0.095 

30% smatler f than linear 0.09 

0.085 

0.08 

Larger mass points are 0.075 

missed badly. 0.07 

0.065 

0.06 

0.055 

fit. 

I 1 I I 1 1 1  I 
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pseudoscalar meson mass 

0 5 5  

0 5 -  

045 

, 1 , 1 , , , 1 , 1 , 1 , 1 , 1 , , , 1 ,  , , , , , "- rn S O 4  
dyn - - Wall-point correlator (A4A4) and (J5J5) 

11.15 

0. I 

0.05 

0 

Smaller statistical error for ( A AI) . 
Masses are extracted from t E [9,16]. 

A linear extrapolation to r n f  = 

-(2 - 3) x mres in quenched simulation. 
Consistent with (quenched) chiral log- 

arithms (rri;Jrri -J 2B,) i CVZ. log 171) vs 

--rrirrh i s  zero. mps 2 = 0 at mf  z 

( 7 r 1 , i 9 / r r 7 ,  - log r n ) .  

NLO fit for msea,val E [ O . O l , O . O 4 ]  i s  not 
inconsistent. 

23 Taku Izubuchi. tin!<( SKC, 16,17/Nov/2004 
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Other Physical Results (preliminary) 

NLO f i t s  results using m& at  mf = msea,val - . Pseudo-scalar wall-point 
(upper two column), and axial-vector wall point. uncorrelated x2. Gasser- 
Leutwyler low energy constants L,  multiplied by lo4  at  A, = 1 GeV. 

< mjlnas' 

0.03 0.1(1) 4.0(3) -1.5(7) --2 (1) 
0.04 2(1) 4.2(1.) -0.2(4) -1.1(4) 
0.03 0.3(2) 4.0(3) -1.9(8) -w 
0.04 1.9(9) 4.2(1) -0.4(4) -0.8(3) 

\o 
ul 

By linear extrapolations/interpolations for f p q  to U I  and 111 ., 

N F  = 2 experiment N F  = 0 
f x  134(4) "10.7 1 29.0( 50) 
f K  157(4) 160 1 49.7 (36) 

f K / . f x  1.18(1) 1.224 1.118(25) 

+! tr hi f~i:i ~ ~ ~ m e ~ r ~ t  with experiment than quenched DWF simulations. 

l a k u  Izubuchi, FiBKC SRC, 16,17/Nov/,?004 25 
I 



Other Physical Results (preliminary). . . 

m s e a  - m r e s  0.02 0.03 0.04 
J 0.461 (61) 0.408(19) 0.393(25) 0.349(50) 

quenched ,B = 1.04 
0.387(16) 

closer value to the phenomenological estimation ). 

Baryon mass : 
m N  - 1.34(4) 
m F  

larger than experimental value, and consistent with quenched results for 
n ~ ~ ~ ~ ~ , ~ ~ l  E [0.02,0.04]. The sea quark effect is  hardly seen in current statis- 
tics. 

Taku Izubuchi, RBRC SRC, 16,17/Nov/2004 26 



conclusion 

We have generated ensembles of Lattice QCD with N F  = 2 dynamical DWF 

corresponding to 
three rn.s6J(j: 0.02, 0.03, 0.04 

m , p s / r ~ ~ l ~ ~  = 0.54(1), 0.60(1), 0.65(1) or 
1 3 

m J p S  = 2, 7, 1 x m , t 7 w n y e  , 
Statistics: - 5,000 trajectories , 
Lattice spacing: (1, 

Volume: v FZ (I.gfm)", 

- 1  = l.690(53) GeV , 

u w m7.r = 0.001.372(44) g 5 MeV 

The NLO fit to T ~ L : ~  is  not inconsistent. 

NLO formula did not describe the data of ,fl,,s. 

Taku Izubuchi, RBRC SRC, 16,17/Nov/2004 27 



loratory results of NF = 3 

0.01 

n.wi 

0.0001 

le-05 

mres as a function of valence L,  ( 

I I I I I 
r 

7 

0 
- 

mres versus L, for N f  = 0,2 and 3 

E? 

i s  implemented in CPS 

Taku Izubuchi, RBRC SRC, 16,17/Nov/2004 28 



The Kaon B-Parameter Using Two Dynamical Flavours 
of Domain Wall Fermions 

Christopher Dawson 
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D K  from two flavours of dynamical domain wall quarks 

Chris Dawson, 
RIKEN/BNL Research Center 

[ R B C Co I I a b or a t  i o n] 
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ODerator Mixinq and BK ... 

First order chiral perturbation theory predicts that 

and, unfortunately, that 

so ... as the chiral limit is approached the wrong chirality operators will 
dom in ate. 

F 0 Don't work in in chiral limit : For the range of masses we are working a t  
quenched results suggest that the matrix elements of the wrong chirality 
operators can be as much as 50-100 times larger than the operator. 

W 

Domain Wall fermions have exact flavour symmetry, but do break chiral 
symmetry. A simple theoretical analysis shows that mixing with these 
wrong chirality operators is suppressed by a factor of 

( a m r e s I 2  - 
and may be ignored. 

- This is the great advantage of DWF . 

3 



To calculate 

BK on the lattice 

we need to  construct ______ correlation functions - for -interpolating operators for 
the ICo and KO and QV~J+AA , with the Ko a t  large negative time and the 
K O  a t  large positive time. 

- 
For our calculation me fix the KQ operator a t  t = 4 and the KQ operator 
a t  L === 28 . We then calculate the above ratio for all operator times. 

For each sea mass, we calculate this for many combinations of valence 
quark mass, both degenerate and non-degenerate. 

4 
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Trend with dvnamical mass 

0.65 

0.6 

Y m - a 0.55 m 
. I  

0.5 

0.45 

0.4 

Looking a t  the degenerate 
data, you can see that we 
can resolve litt le dynami- 
cal quark mass dependence 
between msea I - 6.04 and 
m s e a  = 0.03 , however when 
conbined with the msea - 
0.02 data  there is a small, but 
noticable, trend for lower BI( 
with lower dynamical mass. 

- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- - 
- - 

I I I I' I I I 1 I I I 

0 0.01 0.02 0.03 0.04 0.05 0.06 
I 

Degenerate B, 

I I 1 I I I I I I I I 

need to  interpolate/extrapolate t o  the physical point. 

6 



T h e  physical point 

r 
0 
4 

I will show the results of two options for interpolating/extrapolating to  the 
physical point: 

1. Degenerate: The NLO chiral perturbation theory formula for degenerate 
valence quark masses is 

i.e. three (unknown) parameters; up t o  15 data-points. 

2. Non-degenerate: The NLO chiral perturbation for non-degenerate va- 
lence quark mass is 

complicated ..... 
Four (unknown) parameters; up t o  45 data-points. 

7 



Results for BK 
Fitting for valence and dynamical masses such that 

0.02 <e: - a 9 ~ ~ j e a , ~ ~ ~ 7 ? 4 , a l  Î_ < 0.04 
as for low valence masses the plateau quality is bad, and we wish to  stay in 
the (relatively) low mass region to  fit t o  NLO chiral perturbation theory 

Fit Bare Number MS,2GeV 
Degenerate 0.547(15) 0.509( 18) 
Non-degenerate 0.533 ( 14) 0.496c17) 

The difference between the degenerate and non-degenerate f i ts  is within the 
quoted statistical error, but due to  these errors being correlated it is actually 

. g statistically well resolved as a 2.8&0.03% effect. 
Qa 

In the quenched approximation studies using staggered fermions give 
[JLQCD, 19971: 

. B r r ( ~ ,  2GeV) = 0.63(4) 
Domain Wall Fermion results seem to  be consistent with this number. 

The favoured value for BK using the fact .that the unitarity triangle is 
overconstrained is [Ciuchini el a/, 20031 

I 

8 



Conclusions.. . Future 

We have included both dynamical quarks (partially) and the effects of 
non-degenerate masses (mu = rn(1 $= 7 n S  ) into the calculation of UI,- on 
the lattice. Both these effects lead t o  a lower value for BK. Our final 
value is 

U K ( ~ ,  2GeV) = 0.496( 17) 

This is statistical error only as: 

1. Study performed a t  a single lattice spacing 

2. with only 2 dynamical flavours of quark 

3. a t  relatively heavy dynamical quark masses 

4. in a finite volume 

P 
0 
u) 

5. with a relatively small time extent for the lattice 

6. and with correlated configurations 

in the future ... i don't want to  have to  say that. 

Immediate future : 24-1 dynamical domain wall fermions on the QCDOC. 
( 2, 5 and 6 ). 

9 



D Meson Spectroscopy and Nucleon Structure on the 
Lattice with Domain Wall Fermions 

Shigemi Ohta 
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D Meson Spectroscopy and Nucleon Structure on the Lattice with 
Domain Wall Fermions 

Shigemi Ohta 

RBRC Scientific Review, November 16-17, 2004 

Nucleon structure: form factors, moments of structure functions and nucleon decay matrix elements. 

0 Based on the works by Yasumichi Aoki, Tom Blum, Kostas Orginos, Shoichi Sasaki, ... 
U 

Charm: originally investigated for kaon matrix elements with “charm-in” using DWF and DBW2. 

0 Nori Yamada pushed it further for test of various heavy quark schemes, and D and D, meson spectroscopy. 

We use a combination of DWF quark and DRW2 gluon actions: 

0 DWF (domain wall fermions) preserves almost exact chiral symmetry, and 

0 DBW2 (“doubly blocked Wilson 2’‘) action improves approach to t,he continuum. 

The combination allows us to have 

0 good chiral behavior, i .e. close enough to the continuum, and 

0 sufficiently large volume. 



1 

Nucleon structure calculations: 

0 Quenched calculation: about 400 lattices, complete, 

- ,B = 0.87, at the chiral limit, amp = 0.592(9) (so 

- L, = 16, M5 = 1.8, amres - 5 x 
- 83 x 24 x 16 (- (l.2fm)3) and 163 x 32 x 16 (- (2.4fm)3) volumes, 
- mN/mp - 1.3. 

- 1.3GeV), 

0 Dynamical calculation ( N f  = 2): about 50 lattice at each of mfa = 0.04, 0.03, and 0.02, ongoing, 

- /3 = 0.8 (m,, and Sommer scales agree with a-1 - 1.7GeV), 
- L, = 12, M5 = 1.8, mres - 2.5 MeV, 
- 163 x 32 x 12 (- (2.0fm)3) volume, 
- mN/mp - 1.35. 

F 
G 

Charm calculations: 

0 Quenched calculation: 64 lattices, ongoing, 

- ,B = 1.22,,aW1 - 3GeV), 
- L, = 10, M5 = 1.65, 
- 243 x 48 x 10 (- (1.6fm)3) volume, 

- mheavya = 0.1, 0.2, 0.3, 0.4 and 0.5. 
- miighta = 0.08, 0.016, 0.024, 0.032, and 0.040, 
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3 

Last 2 year we published the quenched galsv 
I " " l " " l " " l " " I -  - I? Experiment 

1.4 - n dbw2 (a-'=l.BdeV 1B3x32) - 
1.8 - o dbw2 (a-'=i.3deV E3x24) 

4 
>I( 

1.2 - 5 :  
1.0 - 

0.8 -I- 
0.0 

6 TI' 
18'X32) 

1 

1 - 
0.2 0.4 0.8 

rn: [dev'] 
0.8 

0 Clear volume dependence is seen between (2.4fm)3 and (l.2fm)3 volumes. 

0 The large volume results '(sequential) 

- show a very mild mf dependence, 
- extrapolate to about 8 % under estimation, gA = 1.15(11). 

2Phys. h v .  D68, 054509 (2003). 
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5 

Structure functions: measured in deep inelastic scatterings (and RHIC/Spin): 

with u = q .  P,  S2 = -M2, x = Q2/2u. 

0 The same structure funtions appear in RHIC/Spin (which also provides hl(z, Q2)).  
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7 

0 

Renormalization: Oren = 20 (up) 0 l a t  (a), 

0 lattice complications: operator mixing from broken Lorentz or chiral symmetry, 

0 NPR is required when mixing with lower dimensional operator occurs. 

We calculate Zo(ap) non-perturbatively in RI/MOM scheme4 with perturbative matching to MS. 
compute off-shell matrix element of the operator, 0, in Landau gauge, 

impose a MOM scheme condition Tr Vo(p2)I'ld,r.2 7 = 1, 20 

- V0(p2) is the relevant amputated vertex, 
- I? is an appropriate projector, 

extrapolate to the chiral limit, defining the RI scheme, 

in an appropriate window, A Q ~ D  << p2 << a-l, a scale invariant 

is obtained, with the operator running C(p2) in the continuum perturbation theory. 

Now we can perturbatively match to e.g. m. 

Works nicely with PWF. 

4Martinelli et. al, Nucl. Phys. B455, 81 (1995). 
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11 

dY 
0 negligible in Wandzura-Wilczek relation, gZ(z) = -gi(z) + 
0 but need not be small in a confining theory (Jaffe and Ji, Phys. Rev. D43, 91), 

-gi(y), Y 

quenched unrenormalized, 
0.5 I I I I I I I I t 1 I 3 8 

dynamical unrenormalized, 
0.15 8 

0 up dwf 

o down dwf 

M up Wislon 

+ down Wilson 
-0.5 

-1.5 " " ' . I  I '  " " " ' 
0.00 0.05 0.10 ' 0.15 

mt 

0 small in the chiral limit (no power divergent 

0 disagree with Wilson fermion results (which 

mixing), 

suffer from power divergent mixing)? 

-0.06 
0.0 0.2 0.4 0.6 

rn; dove 

0 small in the chiral limit. 
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13 

Issues: 

0 direct method is about 10 times more expensive, 

0 indirect and direct results disagree (Gavela et a1 (1989)), 

0 (indirect1 = Idirectl+ N 50 % (JLQCD (2000)). 

Direct method: 

where q is the momentum transfer of p -+ no. 
0 ( T O  I i € i j k  (uiTCP,,,dj)P,uk I P)  = p, [Wo (q2)  - ~,(!l2)i(ra>l.p, 

0 as i(yq)v, N mewe is negligible, we need to extract Wo, 
0 yet the mixing of W, is inevitable because we also need to project to positive parity proton, 

tr P,[wO - ~ ~ i ( 7 q ) l Y )  = WO - i q 4 ~ , ,  ( 
0 we go around this by injecting finite momentum (JLQCD, PRD 62, 014506 (2000)), 

P,[w~ - ~ , i ( y q ) l F i y j )  1 +Y4 = q j ~ , .  

Slightly different sequential propagators are used. 



14 

Remaining problems: 

0 chiral symmetry, 

- previous studies used Wilson fermions which explicitly break chiral symmetry, 

ozt ~ Z-Iatt + z . ol,.,tt + z' . olatt  
nux ypL mix RL 

- so the resiilts need riot match the chiral perturbation, 
- with DWF better chiral symmetry, the indirect method may work. 

0 O ( a )  scaling violation, 

0 quenched approximation. 

I>WF : 
ZOl"tt 

0 good chiral symmetry, O z t  = 
RL ' 

should rnatch the chiral perturbation at finite a,  
- if the low-energy coefficients are calculated on the lattice, 
-- note fn and ga (=D + F )  are consistent with experiment within a few % even at finite a ,  

0 scaling violation starts at  O(a2),  
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17 

New, this year, are , 

0 axial charge 

- dynamical result seems to follow the quenched, 

0 quark density (z),-d, 

- quenched calculation complete with NPR (no curvature seen in the chiral limit), 
- dynamical calculation ongoing, lacks NPR, 

0 polarization (z)*,-~d, 

- quenched calculation complete with NPR (no curvature seen in the chiral limit), 
- dynamical calculation ongoing, lacks NPR, 

0 transversity, (z)&,-s~, 

- quenched calculation complete with NPR, 
- dynamical calculation ongoing, lacks NPR, 

0 dl:  twist-3 part of 92 ((%)A* is twist-2), 

- negligible in Wandzura-Wilczek relation of 91 and g2, 

- but need not be small in a confining theory (Jaffe and Ji, Phys. Rev. D43, 91), 
- small in the chiral limit in both quenched and dynamical (unrenormalized), 
- disagree with quenched Wilson fermion results (which suffer from power divergent mixing)? 

0 Nucleon decay: 

- quenched calculation complete with NPR, in favor of the direct method, 
- dynamical calculation well under way. 

6 



18 

Conclusions 

c, 
W 
c, 

0 Quenched calculations are almost complete with NPR. 

0 N f  = 2 dynamical calculations are well under way. 

0 Axial chargc: dyriamical result seems to follow thc quenched, 

- seem to agree well with the experiment, 
- no curvature seen down to 390 MeV pion mass. 

0 hlomerits of structure functions: quenched results almost> complete with NPR, 

- no curvature seen in (z),-d, ( 2 ) & - A d  and ( l ) (r lL--6d down to 390 MeV pion mass, 

dynamical calculations are ongoing, 

- dl in the chiral limit seems small in both quenched and dynamical. 

0 Nucleon decay: quenched calculation almost complete with NPR, 

- favors the direct method, 

dynamical calculation well under way. 

Immediate futre 

0 Publish quenched results for structure functions and nucleon decay. 

0 Finish ongoing dynamical calculations (QCDSP/QCDOC) . 

0 Explore lighter quark mass and (2+1)-flavor dynamical (QCDOC). 

0 Turn on observables with finite momentum: some form factors, e.g. F I ,  Fz, gp and electric dipole and higher 
moments of the structure functions. 
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D meson spectroscopy with 
the domain-wall fermions 

for the RBC collaboration 

RBRC Scientific Review Committee Meeting 
November 16,2004 

Domain-wall fermions (DWF): 

+- suitable for light quark action though it is more expensive. 

+- suitable for heavy quark action if amQ < 1 
negligible O(U> error 

11 
DWF should be promising for simulating heavy-light system. 1 

The recent discoveries of the orbitally excited D mesons show 
a specific pattern in splittings, 

smaller splittings than predictions made by models / lattice calcs. 

"Chiral doubling" explains this. [Bardeen, Eichten, Hill] 

U 
[What happens with DWF?) 
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Experiments 

D:o (O+) 

DLl (If) 

BABAR, BELLE, CLEO, FOCUS 

charm-strange mesons Splittings between different parities: Aq J 

2317.0( 4) Aqo M A,, 3 insensitive to J 
2458.2(1 .O) * 

345.9(1.2) 

420(36) 

J P  

D (0-1 
D* (1-) 

D,* (O+) 

Di (1+) 

Mass [MeV] 

1869.3(5) 

201 0.0(5) 

2308( 17)( 15)(28) 

Hyperfine splittings: Ahf 

2427(26)(20)(15) r-4 120 

D meso0 specaoscopy withthe dOmain-wall fermions - p.3 

In previous works, 

0 Actions used: 

In this work, using DWF for heavy and 
light, we study 

- Heavy : Clover/NRQCD/Static the value of the splittings, 
- Light : WilsodClover 

0 No systematic study of 

dependence 

A,, and Asl. 

light quark mass dependence, 

thedegeneracybetween 
A,, and As,. - the light quark mass 

- the degeneracy between 

Most results >. Aexp - 35 
1- Most of model calcs as well 
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gauge action 

quark action 

P 
size 

M5 
mlight 

mheavy 

# of config. 

quenched DBW2 

DWF 

1.22 

243x 48 x 10 ( -1.6 fm )3 

1.65 

0.008, 0.016,0.024, 0.032, 0.040 

0.1, 0.2, 0.3, 0.4, 0.5 

64 

I /U = 2.91(5) GeV with Mp input 
( l / ~  = 3.11(2) GeV for r0 input) 
{illK, MD,= 1 4 inputs to set {m,, nz,) 

mstrange ~0.032, mcharln ~0.35 are covered. 

The calculation is in progress. 

0 Pseudo-scalar 

Pseudo-vector 

t 
Reasonable plateaus for all mesons allows us to extract masses. 
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Heavy quark mass dependence 

0.2 
- constant for all rnheavy - - 

' ' I ' ' 
a m  

- Consistent with experiments within large statistical uncertainty. 
- Degeneracy between A,, and A,, takes place in mQ > m,. 
- K~(1270) - K*(892) splitting seems to support ASl=constant. 

Light quark mass dependence 

m -  heavy - mchann 

e A, "- MQ+ - A ~ Q -  
increases as mzight 4 O? 

e AI--= MI+ - MI- 

' 0 0.008 0.016 ' 0.024 0.032 0.04 
a mlight 

Consistent with experiments within large uncertainty. 
Especially the moderate slope in exp. is well reproduced. 
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DWF is applied to charmed-light system. 

The results for the splittings between different parities are 

0 In m&m,, degeneracy of splittings between different 

0 Experimental observation of As,,, < A,,,, is likely to 

0 To make sure all the above, we need more statistics. 

consistent with Exp within large uncertainty. 

parities is observed. 

happen. 

D meson spmmscqy withthe domain-wall fermions - p.9 
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Lattice Calculation of the Neutron Electric Dipole 
Moment 

Thomas Blum 

14 1 



Abstract : 
We present preliminary results for nucleon dipole moments com- 
puted with domain wall fermions. Our main target is the electric 
dipole moment of  the neutron arising from the 6 term in the  
gauge part of the QCD lagrangian. The calculated magnetic 
dipole moments of  the proton and neutron are in rough accord 
with experimental values. 

Lattice calculation of the 
Neutron Electric Dipole Moment 

F. Berruto, T. Blum", K. Orginos, A. Soni 

October 29, 2004 
*Presenter 
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Introduction 
T and P-odd term (violates CP!) allowed in QCD Lagrangian: 8 
term which gives rise to  neutron electric dipole moment, d N  

= iO/d42 g2 t r  [G(z)~(z)] = iOQ. 
32r2 sQCD,O 

where Q is the topological charge of the QCD vacuum. 

Weak interactions: CKM mechanism: d N  < - 10-30e-cm (van- 
ishes a t  one-loop), many orders of magnitude below the experi- 
mental bound [l], 12~1 < 6.3 x 10-26e-cm. 

2 



Experimental bound + model calculations imply 6 5 
which is unnaturally small. However, no known symmetry to  
say it vanishes. This is often called the  Strong CP problem. 

P * 
v1 To translate the  above experimental bound to a constraint on the  

fundamental 6 parameter requires evaluation of nucleon matrix 
elements. 

Lattice method is first-principles technique for calculation. 

3 



There have been several past attempts t o  calculate d ~ ,  in the 
continuum and on the lattice. 

1 1  

I 

1. V. Baluni [2] computed d~ in the framework of the MIT bag 
model obtaining d~ N 8.2 10-168e cm 

2. Crewther et a/. [3], using an effective chiral lagrangian found 
d~ oc 8 M: ln(M2) N 5.2 10-168e-cm 

3. Pospelov and Ritz [4], using QCD sum rules techniques, 
found d N  = 1.2 x 10-168e-cm 

4. Aoki and Gocksch [5] were the first t o  try a pioneering lattice 
QCD calculation o f  d~ (quenched approximation). 

4 



a, 
0
,
 

3
 

”
+

%
 

E
”

 

n
 

cu 
W

 

m OI 

0
 

a, .- 
s

E
 

0
,
 

n
 

H
 

03 

n
 

H
 

IW
 

I
 

? 
I
 

+ n H
 

w
 
I
 

? 
1% n

 
H

 

+ II 
n

 
H

 
I
 

a, 

a, 
a, 
I: 

I
 

3 

Y
 
I
 

Iz 2 0
 

II 

I: 
I -
u
)
 

Y
.4 

.- S
 

‘E 
9 

+
3

 
0
 

u 
Y

.4 

€ 
E 
+

I
 

E 
a, 
c, 

r
l 

1
3

 

W
 

II IE 

U
 
c
 

m 

m
 a, 
c
 

c, 
c
,
 

m 
I: 
c, 

a,- 
0
 
7
 

c
,
 

147 



Corn putational strategy 
Two important elements: 

(1) Compute the  matrix elements of the electromagnetic cur- 
rent between nucleon states, (p’, slJPIp, s ) ~  = U(p’, s)rp(q2)U(p,  s), 

where 

and use projectors t o  obtain linear combinations of F1 and F2, 

6 



and F3(q2)/2m.  

C'L c. Ratios of GM(q2) and F3(q2) wi th  G E ( ~ ~ ) ,  limit q2 -+ 0, yield 
magnetic and electric dipole moments, respectively: 

W 

(in units of e, the electric charge) 
7 



(2) Expand ( p ' , s l P I p , s ) ~  t o  lowest order in 8 and compute F3(q2) 
in each topological sector V ,  and then average over all sectors 
with weight Qv. 

" Disadvantage (unlike the  backg round-electric-field-method [8] 
used in [5]): our method does not allow a direct calculation 
a t  q2 = 0.  

G 0 

On a finite lattice only the form factor F1 can be computed 
a t  q2 = 0 [9]. Our method requires extrapolation of the form 
factors t o  q2 = 0 from non-vanishing values of q2. 

8 
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'The chiral limit 
The spectral decomposition of F1(m) leads to  

u I-' 
for N f  flavors and n+ and n- the number of right- and left- 
handed zero mod'es of Rm). N 

If we trade Q for a disconnected insertion of -mP, d~ will vanish 
in the chiral limit only if (de tam))Nf  vanishes*. 

Thus dN can not vanish in the (partially-) quenched chiral limit. 

*detRm) N m for Q + 0, and contributions t o  d~ vanish for Q = 0 

10 



Numerical Results 
In Table 1 we summarize results for the  ratios of neutron and 
proton magnetic t o  proton electric form factors which become 
the  dipole moment in question in the  limit q2 -+ 0. 

I 

P Computed on 280 N f  = 2, m s e a  = 0.02, domain wall fermion 
configurations (separated by 10-15 trajectories) with m,,l = 0.04 
and 0.08 [lo]. 

v1 
W 

Lattice: 163 x 32, Ls = 12, and the inverse lattice spacing in the  
m s e a  - - 0 limit is a-l = 1.7 GeV. 

We have averaged over time slices 14-17 and (equivalent) per- 
mutations of the momenta p’= (1,0,0), (l,l,O), and (l,l,l). 

11 



Topological charge: 

Q was computed by integrating the topological charge density 
after APE smearing the gauge fields (20 sweeps with ape weight 
0.45) [ll]. I 

rl 

We are also investigating computing the topological charge from 
the  index defined from the domain wall fermion Dirac operator 
(strictly valid in the limit Ls -+ 00). 

.P 

I 

The correspondence between the two has been high in the past. 
(this depends on the lattice spacing a ,  and the lattice gauge 
action) 

I 
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3 I 0.028 (62) 



Approximating the q2 + 0 value of each with the smallest value 
of (= ( 2 ~ / 1 6 ) ~ ) ,  taking mf = 0.04 as the physical value of 
the light quark mass, and UMN = U M P  = 0.8989(77) a t  this 
quark mass, we obtain 

u; z 1.45(10) 
z -1.50(7) 

d N / ( e  u 6) -0.06( 15). 

Considering the crude extrapolations just described, these are 
roughly consistent with the experimental values U ;  = 1.79 and 

N ,  -1.91 (and of course d~ N O).The error estimates are 
statistica I uncertainties only. 

- 

In physical units, d N  = -7.4( 18.0) x 
the model calculations mentioned above. 

6 e-cy, consistent with 

13 



Outlook 
In the near future, we will strive t o  reduce the statistical error on 
our determination of d~ which has already yielded an interesting 
first-principles bound on the magnitude of d ~ .  

G: 
00 

I 
Do this by measuring d~ on all available N f  = 2 lattices 
(N 1000/msea) and measuring more than once on each lattice. 

We have begun new calculations with smeared sources. 

Compute the m s e a  dependence as well. 

14 
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1. Intrdduction 
Motivation 

Understanding of hadron dynamics based on (lattice) QCD 
Strict test of Standard model requires comparison of theory and experi- 
ment. But  one of main theoretical uncertainties is hadronic effect. 
To calculate hadron scattering (XX scattering) based on QCD, non- 
perturbative method, e.g. lattice QCD, is required. 

e 'Dynamical' physical quantity beyond hadron mass 
z m Isospin I = 2 S-wave xx scattering phase shift a&) 

Most of the lattice studies have focused on 'static' physical quantities, 
e.g. hadron spectrum. 

e First step toward calculation of decays of hadrons 
p --+ TT,' cr + T Z  

E( --+ TT direct calculation 

I 

'1 

( Traditional calculation method is K + 0 and K --+ T relate to K -+ TT with ChPT.) 

1 



Previous lattice calculation of I = 2 TT scattering phase shift 
Only pioneering studies have been reported. 

Fiebig, Rabitsch, Markum, and Mihaly, 2000 
TT potential 
CP-PACS Collaboration, 2002 
finite volume method in center of mass system 
Kim, 2003 
finite volume method with anti-periodic boundary condition 

They employed quenched approximation (neglect effect of quark pair 
production and annhilation), and did not take the continuum limit. 

-4 I n  this calculation of phase shift 6 ( p )  
1. dynamical-u, d quark effect ( N ~  = 2 full QCD) 

2. three different lattice spacings 

3. center of mass (CM) and two laboratory (L1 and L2) 

get rid of systematic error of unitarity violation 

take the continuum limit 

systems 
add little numerical costs, more dense sampling of energy states 

obtain S ( p )  with two flavor full QCD in the continuum limit 

2 



2.  Methods 
2.1 Finite volume method 

Luscher, Commmun. Math. Phys. 105, 153(1986); Nucl. Phys. B354, 531(1991) 
Rummukainen and Gottlieb, Nucl. Phys. B450, 397(1995) 

Problem: Lattice calculation is carried out in Euclidean time and finite 
volume. 
E.lm in finite volume is shifted due to  two-pion interaction. 

'\Ne can obtain 8 ( p )  from Err on lattice with finite volume method. % 
OD 

I 

2.2 Diagonalization of four-point function matrix 

Problem: Pion four-point function behaves as multi exponential form. 
pion four-point function 

We can extract E.& from eigenvalue of Gpq(t)  = (Ol~~~-p(t>~q~-q(0)lO). 

Luscher and Wolff, Nucl. Phys. B339 222(1990) 

( O l q ~ - p ( t > " . p ~ - p ( o )  lo) = Coe -E% + Cle-E&rt + . . . 

3 



3. Parameters 

P 
1.80 
1.95 
2.10 

Improved action 
gauge : Iwasaki action 

fermion : clover action 

csw u - ~  [GeV] d f m l  L3 * T 

1.53 1.268(13) 0.1555(17) 163 32 
1.47 1.833(22) 0.1076(13) 243 - 48 

1.60 0.9176(93) 0.2250(22) 123 24 

u is determined by mp 

Pion mass and number of configurations 

4 



4 Result of scattering phase shift 6(y) 

P 1.810 1.95 
X2/d.0.f. 0.90 0.64 

4.1 ChiraI extrapolations 
'Scattering amplitude' A@, mT) = lim A(p,m,) = aom, 

tans@) E . -  
?? 2 '  p-+O 

2.10 
1.33 

-0.2 

-0.4 

-0.6 

-0.8 

-1 .o 

Reasonable fittings are possible wi th the amplitudes obtained from dif- 
ferent systems. 
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4.2 Continuum extrapolations 
linear fit a t  fixed p 

-0.04 

-0.05 

-0.06 

-0.07 

0 A(p) at p' = 0 [Gep] 
- fit result 

A(p) at p' = 0.06 [Gepl 
- fit result 

-0.05 

-0.10 

-0.15 

-0.20 

-0.25 

-0.2 1 

Large O ( U )  effect exists. 
A(0)  = -0.0484(49) 

aOmr(ChPT) = -0.0444(10) 

a t  mT = 0.14[GeV] 

S ( p )  (degrees) in u = 0 
, . . . , . . . , . . . , . . .  

0 

continuum limit --- 
-5 

-10 6 Losty et al. data 

-15 

-20 

-25 

-30 

-35 
0 

Sym b 

Solid 

0.08 0.19 0.24 0.32 
p2PeV 1 

)Is are the experimental data. 

( Hoogland et a/.,  Lostyet a/.  ) 

( Colangelo et a/.  ) 

ine is fitting of experimental. 

Result is consistent with experimental data. 
6 



5 .  Conclusions 
We calculate I = 2 S-wave mr scattering phase shift. 

0 N f  = 2 full QCD 

0 Continuum limit ~ 

o Center of mass system and two laboratory systems 

Large O(U)  effect exists in S ( p ) .  

Result in the continuum limit is consistent with experimental data.  

i 

future work 
1. Calculation a t  smaller mT and a 

Chiral and continuum extrapolations 

2. Volume dependence 
method with m r  wave function 

3. Application of the method to  decay of hadrons . 

p 4 m1 -+ ml E( -+ TT direct calculation 

7 
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The Discovery of 0 H +  

B = + l , S = + l  T.Nakano et al.(LEPS) 

3 definitely exotic (uuddE) 
0 Mass: -1540 MeV 

Very narrow width 
r -10 MeV 

1=0 (no pK+ resonance) 

z 
0 

a 

I I /I 6- 1 7/2004 Talk given at RBRC Review 2 
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The difficulty in Lattice QCD 
0 Difficult to separate @+ from NK state 

- Lattice QCD can extract only ground state signal 
n(t) = (rl(4rl(o)) = C+xP(-Eit) 

+ NK state will dominate 
154OMeV I : 144OMeV 

PS-diquark 
I I color 3* 

IO* = flavor 3* 
I 

S-diquark sbar 

3* 3* 
3* 3* 

JSugiyama, T. Do M .Oka Phys.Lett. B581(2004) 167 
S.Sasa ki Phys. Rev. Lett.9~(2004)152001 NK is assumed. 

11/16-17/2004 Talk given at RBRC Review 5 4 



The difficulty in Lattice QCD (cont.) 

- Positive Parity channel 
:"I 9 NK state is P-wave with %"# 

i I 
' t  * * ,  * >  9 t k  g: ( F =  2 7 6 / L )  

+) < E(NI<) 

- Negative Parity channel 
+ No such advantage 

(NK state is S-wave) 
+ difficulty still remains 

% 1.8 

1 1 /I 6- 1 712004 Talk given at RBRC 



. 

0 

G 
0 

0 

Lattice QCD parameters 

Gauge Config: 123 x 96 ( B  = 5.75)+ (2.2fm)3 x 4.4fm 
- standard Wilson plaquette action 
- Anisotropic lattice (a,/a =4) 

accurate measurements 
for masses are possible 

- #(gauge config) = 504 
Fermion action: 

~~ 

Wilson (clover) action 
Higher spectral contributions are 

f--- space 
Finer lattice spacing 
in temporal direction 

/ 
suppressed by gaussian smearing ..- - fr=0.4 fm) 

1 1 /I 6-1 7/2004 Talk given at RBRC Review 6 



Effective mass for each parity 
Positive parity Negative parity 

3.5 

3 .O 

2.5 I 
10 20 30 40 

I .Low-lying state is negative parity. 
.Positive parity is too massive for 0'. 
3 Is the plateau in negative parity @+ or Nr-K ? 

1 1 /I 6-1 7/2004 Talk given at RBRC Review 7 



Separation between O+ and NK 
Hybrid Boundary Condition (HBC) 
- Effective even when - NcK (p-wave) with PBC 

~ - 0  N+K (S-wave) with PBC negative parity channel 

I I quarkcontents I spatial BC I minimum momentum 

1 1/16-I 7/2004 Talk given at RBRC Review 8 



The Results from HBC 
tandard(Periodic) BC Hybrid BC (HBC) 

3.5 1 -.* - 
f 
f 

r, 
0 3.5 c 4 

2.5 

s as much as the NK state shifts. 
8XSuch shift will not occur if the plateau is O+mX 

11/16-17/2004 Talk given at RBRC Review 9 



The -Results from HBC (cont.) 

@ The observed plateau 

from the analysis of 
energy shift. 

scatt e r i g state 

F 
8 U 

@ We do not see signal 
for pentaquark state in 
the interval: 

3 .O 

2.5 

2.0 

Shift for each quark mass 

1 1/16-I 7/2004 Talk given at RBRC 3eview I O  



Summary 
.We have studied O+ from anisotropic lattice QCD. 

.V3 x 96 ( B  =5.75), standard action, 504 configs 

.Non-NK type operator with smeared source. 

parity +: 2.25(12) GeV, parity - : 1.75(4) GeV (chiral limit) 

(a) improved Wilson (clover) action for fermion ~ 

.Low-lyin is negative parity. 

.Hybrid Boundary Condition (HBC) method has been r 
Ex) 

proposed to distinguish @+from NK. 
.The shift of the plateau in HBC - suggests that the 

Future: 
.Other operatorlother quantum number etc. 

.Multi-quark state physics 
.Strong diquark correlation ? (S.Sasaki Phys.Rev.Lett.93(2004 

11/16-17/2004 Talk given at RBRC Review 

bbsewed 

152001) 
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Meson Spectral Functions at Zero and Finite 
Temperature 

Peter Petreczky 
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Meson Spectral functions at zero and finite temperature 
Peter Petreczky 

Charmonium spectral function on anisotropic lattice 
with S.Datta, F. Karsch and 1 .  Wetzorke 

Charmonium and bottomonium spectral functions 
On anisotropic lattice 
with K. Petrov and A. Velytsky 

Meson spectral functions at zero temperature 

with T. Blum 

Calculations with domain wall fermions (DWF) 
Calculations with HYP smeared Wilson action 



LGT 

- - 
dwd’~ - 1) 

.- I....-.. -- .... -- “--...-.--.--.-______._I_._________~ 

Experiment, dilepton rate 

I 

cosh(m(r -1/(2T)) 
G,(z) = rdwo(w)  

si&( ci) /( 2T)) 



Reconstruction of the spectral functio 

G!WO(U, T) K(u ,  7') 

o( 10) data and O( 100) degrees of freedom to reconstruct 

Bayesian techniques: find ~ ( w ,  T )  whic 

a ( w , T )  > 0 

aximizes P [a I D H ]  
data 0 

Prior knowledge H :  
Maximum Entropy Method (MEM) 

P 

Asakawa, Hatsuda, Nakahara, PRD 60 (99) 091503, Prog. Part. Nucl. Phys. 46 (01) 459 

P[+H] = exp(--X " 2  + as) 
3 A u 

Li kelyhood function 23 Shannon-Janes entropy: 

44 ] dw[a(w)  - m ( w )  - m ( w )  in 
m ( w )  

m ( w >  - default model 

m(w >> A Q ~ D )  = VQU* -perturbation theory 



What do we get at low temperature from lattice calculations ? 
Calculations performed on isotropic lattices for l/a=#.O#GeV, 4.86GeV,9.72GeV 

I I I I I I 

I vc I 
PS 1 

I .2 

0.9 

0.3 

0 
0 

0.8 1 I J/v 

30 

2nd and 3rd peaks are lattice artfifacts, no 2s state 
I 
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Heavy quarkonia spectral functions from MEM: 
. 

0.25 

0.2 

0.15 

0.1 

G 
0.05 * 

n 

1 

0.8 

0.6 

0.4 

0.2 

0 

1 1 1 '0.9Tc I 
l.5Tc - 

3T, - o(co)/02 2.25TC - 

Datta, Karsch, P.P., Wetzorke, PRD 69 (2004) 094507 

30 

. .  . 

. . . , . . . . 



Temperature dependence of bottomoni ors 

6 -  

E :: 
Q 
0 3 -  

2 -  

I .01 

pz6.1 -e--- 
p=6.3 +- 

1.005 

0 0  
l-=e 

L 

CI: 

f 1 Q 
c3 

0.995 

PSI p=5.9, 5=4 

I '  1 I I I 

1.56Tc - 
2.08Tc - 
3.13Tc -++ 

SC, p=6.3,5=4 
I 1 

1.25Tc - 
1.39Tc --et--- 
1.56TC - 
2.08Tc t d  

2.50Tc - 
4 @ &3.12Tc -f--. 

2 

: I  I Little supprise ! Expected 

f i Qualitatively similar T-dependence 
for different lattice spacings 

Petrov, Velytsky, P.P, work in progress 
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Meson spectral function with DWF at : 

- 

- 

- 

Pseudo-scalar 

1 2 3 4 5 6 7 8  
m toevl 

Meson spectral function with DWF at : 

1.6 

0.6 

0.4 

0.2 :I 0 

0 2 

Pseudo-scalar, a-’=3.OGeV 

1 

u-’ = 2GeV 

1.4 

1.2 

I 

0.8 

0.8 

0.4 

0.2 

0 
1 

u-’ = 3GeV 

4 6 8 10 12 
a, tGeVI 

2 3 4 5 6 7 8  
m [GeV 

1:: [ 
0.4 

0 1  
0 

Vector 

Vector, a-l-3.0~ev 

‘ 2  4 6 8 10 12 
o~tGeV1 . 



Matrix Product Variational Formulation for 
Lattice Gauge Theory 

Takanori Sugihara 
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Matrix product variational formulation 
for lattice gauge theory 

Takanori Sugihara 

RIKEN BNL Research Center 

Brookhaven National Laboratory 

Non-perturbative physics in QCD 
e RHlC experiment 
8 Confinement t) Vacuum wavefunction 
e QCD at finite density 

Non-equilibrium quantum states 
Variational methods with Hamiltonian 

Direct calculation of vacuum 
0 Time evolution of quantum states 

, 
I - _ _  _-_____ 

I 

Malm D i c d ~ ~ l  var63lwnkU brmuldion lor l a k ?  gauge Ihmv - p 2 18 199 



i 

! 
What are the important degrees of freedom? 

H 

I Dense 

Sparse 

Target the low-ly ng states! 

r 

2 Calculation load oc L 
I d  quantum models at T = 
(Heisenberg, Hubbard, t-J, 
2d quantum models at T = 
(Heisen berg, Hu bbard,. ..) 

o and T # o 
Kondo, ...) 
0 

Non-equilibrium quantum states 
Quantum information theory 
QED1+l with 8 term 



Fermlon and boson 
R 4 - L  

Does DMRG work in gauge theories? 

On a finite lattice 
8 Fermion: finite dimensional 
e Boson: infinite dimensional 

Essential difference. 

DMRG needs to be tested in a bosonic model. 

(1 +I  )-dim model: Critical coupling and exponent. 

- __c 

I 

Matrix proact varstiond lormutamn far Ian- Qauge theory - p Ed18 

N 

TS, JHEP 0405, 007 (2004) 

Critical cou pl i ng 
Method Result 
DMRG ( L  = 1000) 59.89 f 0.01 

+0.48 Monte Carlo ( L  = 512) 61.56-0.,4 

Critical exponent p 
Method Result 

Exact p = 0.125 , 

DMRG ,B = 0.1264 f 0.0073 

c_ - -  - I__ 

Matrix PIodLct varaliond brmuldion lor lanm gauge lheory - P 6118 201 



DMRG is accurate 
DMRG works in bosonic models 
DMRG works in higher dim models 

BUL 
0 Lattice size is small 
a Large memory is necessary 

Program mi ng is complicated 

I want only the power of DMRG but not complexity. 

- 
Malrmpmdmt varalional brmuleion br  a l k ?  gauge theory-p7/18 

Ostlund and Rommer, PRL75,3537 (1995) 

I 

..Add a site IS) 
1 

IQin+l) = C Q n , S  Aa,+l,o?n [ ~ l I s ) I ~ i n )  

Add many sites 

Ian+~)  = A(!')[sL]. . . A ( l ) [ ~ i ] l ~ ~ )  . . . Isl) 

In L -+ 00, assume A(n) = A and periodicity 



s,s‘ 

Diagonalization of i‘ 
The Powell method 

4*[s] @ A[s’] 

simplifies 

is used for 

> = ~ A * [ s ]  @ A[s] 
S 

iL-2 and iL. 
v minimization. 

Matrix pcdlcl mmllond brrnulaian b r  Ian= gaupe lhmty - p 9 

S = 112 Heisenberq chain 

‘18 

Ground state energy per site 
M :  matrix dimension 

M\L 10 100 1000 10000 
6 -0.4092 -0.4372 -0.4371 -0.4368 

12  -0.4092 -0.4427 -0.4425 -0.4425 
Exact -0.4515 -0.4438 -0.4431 -0.4431 

The method works well for large L ,  but not for small L. 

The error is less than 1% for L = IOOOO. 

I 

203 Matrix prodlla variafanal IorrnulaOon lor latlm gauge fheory - p 10 1 E 



- _ _  

Need to find a one-dimensional structure. i 

Consider the tube as a ring. 

_- Vacuum x ~ energy per bond 

1 'Ring size: L2 = 10000 

-0.3 

- 

-0.35 

0.2 0.4 0.6 0.8 1 



Comparison 

2d S = 1/2 Heisenberg 
Vacuum energy per bond in L + 00 

Method E Lattice size Year 
Monte Carlo -0.3347 162 1999 I 

DMRG -0.3347 122 2001 , 

TPVA -0.3272 00 2004 
This work -0.328 f 0.001 10000 x 4 2004 

There is no exact solution. I 

- _I 

I 
Malrl~ pr&a variailmal lormulabon lor lance gauge thwry - p 13'1 8 

Kog u t- S u ss ki n d Ham i I to n i an 

n,i P 

Quantization 

[El, Ull = Q, [El, u:1 = -q 
Quantum mechanics on S1 (Ohnuki and Kitakado) 

Ela) = ala), unla> = In + a ) ,  0 5 a < 1 

I Set Q = o for numerical calculation. , 
- __ - - ___ - - - . -- - 

Matrix IX&CI VailaliCnal loirnulabon lor IanlCegaugelheOry - p 14 18 
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10000 x 1 

VEV of electric field El 

( ~ E ~ ~ X P )  - 
for II; = 1.0,2.0, and 4.0. 
The obtained vacuum is almost gauge invariant 
because the Gauss law 

V - E = O  

is approximately satisfied. 

_--I_- 

Matrix W c t  varLY)nalfOrmuIabOn IorlaWegaUgelhBoIy-p 1Wl8 
206 



Summarv 

8 DMRG works well in the model 

e I d  S = 1 /2  Heisenberg model 
Numerical implementation of matrix product 

0 Two digits of the exact values 
e NO gap between ST = 0 and ST = 1 

8 Consistent with the existing results 

5 Gauge-singlet state is energetically favorable 

e 2d S = 1 / 2  Heisenberg model 

0 U(1) plaquette chain 

! 
, _ _ _  - _I.__ __.-I -- 

Malm pr&l varYliOnal IoirnulaDon lor lance gauge lheory - p 17 18  

Future works 

b 

-- 

Larger lattices for refinement 
SU(2) and SU(3) gauge theory 
Finite temperature and density 
Non-equilibrium system 
Protein as a many-body quantum state 

- __I__-- 

Malm pa&cI vaiiatanal lormulalon lo' lance gauge lheory - p 18'1 8 
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Instantons and the Spin of the Nucleon 
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lnstantons and the  Spin 

of the  Nucleon 

North Carolina State 

w. V. Zetocha (Stony Brook) 

1 



pol a rized DIS implies I a rge 

U 
gA 

I 
OZI violation 

related to axial anomaly and instantons? 

2 
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Summary 

0 instanton liquid reproduces axial vector coupling g~ 

something missing with regard to  the structure of the  nucleon? 
bJ 

0 no evidence that  suppression of g i  is a vacuum effect 

0 latt ice calculations: 

1) check nucleon vs vacuum by studying more than one system 

2) check instanton dominance of disconnected graphs 

7 



Melting Pattern of Diquark Condensates in 
Quark Matter 
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RBRCScientiJic Review Committee Meeting. Nov. 2004 
I 

Melting pattern of diquark condensates in quark matter 

a 

Contents 
1. Introduction 
2. Massless limit near T, 
3. Effects of nonzero strange quark mass 
4. Melting pattern of diquark condensates 
5 .  Conclusion 

Introduction 
i r :  

, a  
e 

l a  

1 5  
' k  

150 MeV 

I 

I 

I 
0 1 GeV 

Barvon chemical potential 

Crucial features of color superconductors 
% q d n  P.fh$id/t.l, 
- presence of a condensate of quark Cooper pairs and superfluid baryon denslty (n,) 

< o j i r s  %icia*vr? efh-ct~ 
- transverse color fields screened in a spatial scale of order 

the London penetration depth - I g%J1'2 
-~ ~ ____ 

221 



Introduction (contd.1 

Possible presence of a diquark condensate 

- lower densities 01-1-2 GeV) 
Strong coupling regime vs. weak coupling regime where one-gluon exchange induces 

Cooper pairing in color antitriplet channel 

--finite temperatures (TC- 100 MeV) 
Thermal fluctuations in gauge and diquark fields 

- subject to stellar magnetic field and rotation 
Supercurrents and vortices 

- nonzero strange quark mass 
/ 

-based on Ginzburg-Landau theory 

Massless limit near Tc 
Ret  Iidn & B a p .  PRD 63 (2001) 074018; 66 (2002) 559903(E). 

temperature T, baryon chemical potential p 
restored chiral symmetry 
Fermi momenta common t~ all colors and flavors 

I parity chir&y -J ’ color flavor I 
1 even LL,RR zero ~~~~§~~~~~~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~  I 

Corresponding on-she11 gap at relative pair momentum (k(=k,: 

a, b: colors of paired quarks 
i,j: flavors of paired quarks 

d,: complex vector in flavor space 

222 



Two optimal states determined from energy minimization 

1. &flavor color Supergonducting (2SC) state 
Rct 5t I'r R:ys Rz- 10-1 924*32< 

dR I1 dG IldB 
I 

i 

I Gapped quarks: two colors and two flavors t"'ar,iskxropii." i 

. Gluo-electromagnetic properties: 

. Gapped quarks: three colors and three flavors ("tsotrop~"~ 

- Gluo-electromagnetic properties: 

31"\ 
0 

First order 
transition 

OJ 

P I  \ 
\2sc 

223 I 



Effects of nonzero strange mark mass 

Larger average Fermi momentum 
of paired quarks 

Near T, in weak coupling 
Ref. Ii& et al., PRL 93 62004) 132001 

Larger availablemomentum space for pairing 

Higher transitio; temperature 

Melting Dattern of diquark condensates 

nz 

Corrections up to O(m,Z) 

2 with 

I Electric neutrality and weak equilibrium I 

1 Long-range magnetic interactions 1 

224 



..... 8J ...... + -  - 

Cf. Similar splitting of the critical temperature is also seen in superfluid 3He under magnetic fields: I 

A phase + normal at H=O vs. A, phase + p h a s e  -+ normal ______ at H#O. 
____ 

I 
Conclusion ~ 

I 

Ginzburg-Landau approach helps us examine effects of nonzero strange quark mass 
and charge neutrality on the melting pattern of diquark condensates in weak coupling. 

First rigorous weak coupling calculations of the pairing gap in the presence of 
nonzero strange quark mass. 

Effects of the thermally fluctuating color magnetic fields on the melting pattern 
can change the phase structure. 

Rcf M&saur:tC:z:. l ’KD69 ,2oi:Lj{j,’4!;;2 



Hydrodynamic Afterburner for the Color Glass 
Condensate at RHIC 

Tetsufumi Hirano 



Hydrodynamic Afterburner for the 
Color Glass Condensate at RHIC t 

Tetsufumi Himno* 

+Work in collaboration with Y.Nara (Frankfurt) 

RBRC SRC meeting, NOW 16,2004 

CGC, hydrodynamics, 
and jet quenching Nuclear modification 

Centrality dependence factor Rw 
Of dN/d I ] / (  Npart/2) 

1 

___  ". . . . .- .- 
I....._".. - 

1 -, ,._ " .,.- . _,.." ,,,, 
, .w.jjW . ... , 

3 :m 100 33(1 Nvw 

Kharzeev. Levin, Nardi 
McLerran ... 

," 
,: I 

Kolb, Heinz, Huovinen 
T.H., Teaney, Shuryak,.. 

These three physics related with each other? 

229 



Dense Matter at RHIC 

[ Hydrodynamics 1 
Mean free path is assumed to be very small: 

X = l / o p  << [typical system size] 

Jet quenching 

Opacity is large: 

LIX, = 4 - 5 

a 
c3 
U 

L 
(I: 
C 
E n 

CGC+Hydro+ Jet model 
CGC 
(a la KLN) 

I ’  -, I 

I 
I I Transversdrnornentu’m 

LOpQCD 
(PYTHW 

Shattering CGC . 
(chemical & thermal) 

Parton distribution 
(CTEO) 

Parton energy loss 
(a la Gyulassy-Levai-Vitev) 

Fragmentation 

Intermediate pT 

230 



Results from the CHJ model 
Pseudorapidity dist. 

IWO - COC+hydm 
pT spectrum 

PH0605 
BOO (b) IC* 

1 8 M  G - 2 Q - V  

0 11 j 
O0- 50 "100' 150 zoo '250 300 '350 400 0 50 100 150 200 250 300 350 

1 

Mean p, 

~~d~~ . PHENIX 7 

nydin K . PHENIX K 
hydro pm!on A PHENIX prolor 

-0 

I 4 i + + + j 04k. . . . . . . j 
Centrality and rapidity dependences 
are well described by the CHJ model. 

o.2j '0 50 100 150 200 250 300 350 400 

Nw* 

Results from the CHJ model (contd.) 

RAA and IAA as functions of Npart 

231 



Evolution of EfA? 

Y 'i. 

Final (psuedo)rapidity 
spectra of all hadrons 

€,IN - 1.6 GeV + Consistent with 
classical Yang Mills 

This should be obtained through 
non-equilibrium processes. + Production of entropy 

€,IN - 1.0 GeV E,IN - 0.55 GeV 
+ Consistent with 
exp. data -0.6 GeV 

on 2D lattice (KN- U? 
Hydrodynamic evolution 
+"fdV work reduces €,IN. 

Summary and Outlook 
First step toward a unified and dynamical 
approach to relativistic heavy ion collisions 
Obviously, each component should be 
improved, 
- 
- 
- 

CGC: Realistic wave hnction, classical 134 on lattice, , . . 
Hydro: Realistic EoS froin lattice QCD, rate eq. for QGP, . . . 
Jet: Species dependent energy loss, fluctuations, . . . 

Another idea can be plugged in tlzis 
approach. 

- Hadronic cascade 
- Recombination 
- Etc. 
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Photon Interferometry of Au+Au Collisions at the 
Relativistic Heavy-Ion Collider 

Steffen A. Bass 

233 



collisions a t  RHIC 
~.".l.".l".l..ll " ...... . . .. -- 

Motivation 
0 The PCM: Fundamentals & Implementation 
= Photon HBT 
0 Outlook & Plans for the Future 



f L 1 The PCM Model: current status 

f from cascading partons in relativist.k heavy-ion collisions 
- Phys. Rev. Lett. 90 (2003) 082301 

@Semi-hard scattering of partons at SPS and RHIC : a study in contrast 

b4 w a 

Intensity interferometry of direct photons in Au+Au collisions 
- Phys. Rev. Lett. 93 (2004) 162301 
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Initial State: Parton Momenta 
0 flavour and x are sampled from 

x" 1.2 

4 
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Initial and final state radiation 
Probability for a branching is given in terms of the Sudakov form factors: 

e Altarel I i-Parisi splitting functions included : 
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Photons: pre-equilibrium vs. thermal 
Ppre-equilibrium contributions are 
easier identified at  large pt: 

_% 

t-- 

contributions into account 
1 a2 

T. 100 ", 
I/ 
U . 
4 
v 10-2 > 

t ( W c )  
'J, 

'; 1 0 - 4  

emission time in the PCM, 90% -; 
-A a of photons before 0.3 fm/c 

I O  
Icu la ti on with 

ission rate 
\ I  



HBT Interferometry: formalism 
Correlation between two photons with momenta k, and k, is given by: 

2 I jd4x S(x ,K)  ewl 1 
2 1d4x S(x ,&)  [d4x S ( x , z 2 )  

withq'=&Z2 a n d K = ( & - l f , ) / 2 -  c(q,K) = 1+- 

with S(x,k) the photon source function for a chaotic source 

n vertices of a semiclassical transport are not valid Wigner fnct. 



s ide 

- 0 2  1 k , <  0.2 CeY - 

- 

1.4 

11_;1 1.2 

1 .O 

0.8 

L.1 

apt=2 GeV: pre- 
thermal photons 
dominate, small 
radii 



Photon Interferometry of Au+Au collisions at  RHIC: 

* calculable in the framework of PCM and hydro 
= short: emission duration in pre-equilibrium phase, small HBT radii at  high pt 

xperimentally challenging, but feasible with high statistics data sets 

0 larger source at later times due to emission of thermal photons 
N 
P m 

Outlook (PCM): 

f 



Odderon Evolution in the Color Glass Condensate 

Yoshitaka Hatta 
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The odderon in QCD 

C-odd counterpart of the Pomeron 

Dominates hadronic cross section difference between 
the direct and crossed channel processes at very high energy 

I\, 
M 
0 

To lowest order, the odderon is a three-gluon exchange 



Theoretical status of the perturbative odderon 

Bartels-Kwiecinski-Praszalowicz (BKP) equation (1 980) 

Mapping into exactly solvable I D Heisenberg spin chain 
Lipatov (1 993), Faddeev & Korchemsky (1 994) 

h, 

’”, 

Two exact solutions 
Janik & Wosiek (1 999) aodd < ’ 

= Bartels- Li patov-Vacca (2000) 

Approach with Mueller’s dipole model 
Kovchegov-Szymanowski-Wallon (2004) 



N u 
N 

Color Glass Condensate formalism 
McLerran & Venugopalan (1 994) 

An (very) effective theory of parton saturation at small-x 

Master equation- the JIMWLK equation 
Jalilian-Marian, lancu, McLerran, 
Weigert, Leonidov, Kovner 

I 

BFKL (Pomeron), Balitsky hierarchy, . . . . 

Can the CGC formalism describe the odderon 
and multireggeon exchange processes? 
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Odderon exchange in the proton-color glass scattering !l 

Odderon amplitude 

Weak field approximation 

JIMWLK 



JIMWLK equation BKP equation 



. 

Summary 

The CGC formalism contains the BKP odderon dynamics 

The dipole-color glass scattering: 
in agreement with the results by Kovchegov et al. 

N 
VI 
QI 

No difficulty in extending the analysis to the proton-color glass scattering 

Directly derive evolution equation for gauge invariant amplitudes 
in coordinate space. - No conformal symmetry crucial to the 

construction by LFK, 
unless one makes an extra assumption 

f 



Classical and Semi-classical Aspects of Many-body 
Field Theories 

Sangyong Jeon 

257 
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0 Formation of 

0 Evidence of sical phase 

0 Thermalization of Id vs. Thermalization of P 

3 



om Walks of artons in SU(N,) 

(To appear in PRD, w/ R. Venugopalan) 

0 

0 t iv " n : Initial color distribution in MV model 
0 Many Quarks Recursion Relation 

: What is the most likely color state of the system with 

random partons? (If SI/( ), color =+spin.) 

Distribution: Controlled by the 
second Casimir 

4 



andarn Walk rtons in SY/(lVJ - Cont. 

0 Exact solutions for s c / ( 2 )  and SL”(3) quarks and gluons 

0 Large k solutions for ,YU(A’J quarks and gluons 

0 Conclusion : Confirm MV model starting point 
N 
QI w 

0 Extension to  correlated case under investigation 

5 
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urves in dAu 

0 One or two rapidity bin shift + vertical scaling 

F 
C 
-0 
P 

5 I @ PHOBOS 200 GeV, Au-Au 
A PHOBOS 200 GeV, d-Au 

t j 4 5 

4 

F 

U 
3 3  

2 

1 

0 
-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 

r 
Constant vertical shift. 

0 Universal features : Properties of initial state, not final interactions 

- Does QGP show up in this region? Hydro? 
8 



lassical Field and Particles from In-medium Quantum 

Theory 

(Work in progress. w/ S. Weinstock and R. Venugopalan) 

0 To understand thermalization of systems with soft + hard modes 

0 Starting point (Mueller and Son, PLB582:279-287,2004) 

[.I,,? J y l  

0 Boltzmann equation a la Kadanoff-Baym (M&S). 

* Manuscript correcting some details of M&S in preparation 

* This equation is not for quantum nor classical particles 

* Leads to  Rayleigh-Jeans equilibrium distribution, n(E) = 7',/15' 
9 



I n 

(Cu rren t I y u nder investigation) 
N 

m 00 0 Separation of Hard and Soft modes - Hard particles in the soft 

background 

0 Evolving separation scale according t o  the density 

0 Need to  employ a kind of RG approach 

10 



0 Overall goal : Understanding non-equilibrium quantum systems 

(QCD systems in particular) in terms of classical and semi-classical 

a p proxi rn a t  i o n s . 

0 On-going 

* Laying the ground work 

* Phenomenological evidences for classical phase 

0 Near Future 

* Understanding thermalization a t  each stage - Thermalization 

1.1 



Impact Parameter Dependence in the Balitsky- 
Kovchegov Equation and the Froissart Bound 

Takashi Ikeda 

27 1 
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Dynamic Universality Class of the QCD Critical Point 

Mikhail Stephanov 

27 9 



Dynamic uxriversalitg class of the 
QCD eritica 

M. Stephanov 

U. of lllinois at Chicago and RIKEN-BNL 

QCD critical point 

0 1 I H .  GeV 

0 Lattice at ;; = fi -+ crossover. 3 Sign problem. Models: 1st order transition. 
0 + 0 = 0: critical point E. (As in water at p = 221bar. T = 373'C - critical 
opalescence.) 

Wnere IS porn? E? Challenge to theory and experiment. 
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Locating the 
2M , I 

Signatures: event-wise fluctuations. 

Susceptibilities diverge + fluctuations grow towards the critical point. 

Fluctuations and their ma 
J Scaling and universality of critical phenomena: x N 5""'. 

How large can [ grow? 

Limiting factors: 

Proximity of the critical point 

o Finite size of the system [ < 6 fm. 

P Finite time: T - 10 fm. 

E N T 1 / a  

J The dynamical critical exponent z is determined by the dynamic universality 
class. 

J Systems with equivalent static critical behavior are not always in the same 
dynmjc universality class. 

Example: lsing model and liquid-gas phase transition. Relaxation time is 
longer (Z larger) if order parameter is a conserved quantity (density). 



Dynamic universality elass of QCD critical point 

Statics: symmetry and dimensionality + king model (same as liquid-gas). 

Dynamic universality class depends on relevant hydrodynamic modes. 

Modes which relax arbitrarily slowly: densities of conserved quantities, order 
parameter. 

3 The fluctuations of the energy and momentum densities: E = Too - ( T O O ) ,  

and X' E To'; 

3 The fluctuations of the baryon number density, n 

3 The chiral condensate a qq - (qq). 

q-y"q - (qr'q); 

Is it liquid gas (H), or is it king model (A), or is it another universality class 
altogether? Psru-iK ;'L,. ;?q:~x~:~! T':?C~'' 

Statics 
(T and n mix. 

F[u ,n]  = /dx [V(a ,n)  + ;(Va)' t b(Va)(Vn) - ;(Vn)']. 
V ( U ,  n)  = -a2 + Ban + -n + terms of higher orders A c 2  

2 2 

At the critical point A = AC - B2 + 0. 

One flat direction: (a, n) - ( - B ,  A ) .  Only one critical mode 

Susceptibilities, e.g.: 

Either u or n can be used as an order parameter (both jump across 1st order 
phase transition). 
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b = - r - + + v z ~ + t g ,  6F 
6U 6n 
2SF z6F n = X v - + X v - + ( n ,  

60 6n 

with 

Using F: 

Lr = - r A n - r B n ,  
n = (XA + XB)V2a +- (XI3 + XC)V2n. 

(+ noise) 

Modes 
PA - iw 

det 1 (XA + XB)q2 (XB + XC)q2 - iw 

Near critical point: 

A 
w1= -iX-q2, (o ,n)  N (-B,A); A 
wz = -UA, ( ~ , n )  N (1,O). 

The critical mode (flat direction u = (-B/A)n) is the diffusive mode: w1 - 4'. 
u-mode alone (n = 0) relaxes on a finite time scale even at the CR w2 = -irA is 
finite. 

Conclusion: only one hydrodynamic mode after u and n mixing, and it is diffusive. 

Diffusion constant: 

D --+ 0 at the Cf? 
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Coupling to energp-rnoment.urn and t 
Modes to consider: E, ?r, n and u. 

* Only one combination of n and u is truly hydrodynamic 

B Same as in the liquid-gas dynamic universality class - model H. 

# Typical relaxation time 

-+ t, ?r and n. 

T - D-'E2, 

while 

and 

D = AX;' 

XB N E2-" 
B For example, in model 6, i.e., without t, T, coefficient X is finite 

+ z = 4 - 7 .  

While in model H: X - E " " ,  with xA = 1 - 6/19 + . . . 

+ 7 N E4-" 

+ 

2 = 4 - r / - r x  - 3  

Summary/Conc 

S Mixing between u and 7~ (and E) leaves only one hydrodynamic mode - 
diffusive. 

S Dynamic universality class of QCD CP is that of model H. 

S z 2 3 (> 2 of model A, but < 4 of model B) 

S Finite time constraint is rather strong: E- - 7''' IS ' not too large 
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QCD Aspects of the NuTeV Anomaly 

Stefan Kretzer 

287 



Strangeness Asymmetry of the 
Nucleon and other QCb Aspects of  

the NuTeV Anomaly 

Stefan Kretzer 
Brookhaven National Laboratory & 

I* - RIKEN-BNL 
BROOKI~AVEN 

NATI Oh A L  LAB ORATORY r 

1 RBRC Scientific Review Committee Meeting 
16 Nov 2004 

10/29/2004 1 
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The "NuTeV Anomaly" 
su t : 

I t  was inspired by, and is related (but 
Paschos-Wolfenstein (1973) Ratio: 

not identical) to,  the 

(isoscalar target, ...) 

I N ~ T ~ V  sin2 8, = 0.2277 f 0.001 6 
a 3.1 cr discrepancy LEP EWWG sin2& =0.2227+0.00037 

Must be corrected for a targej. with a 
fractional neutron excess, &v, s ;t 27 , ... 

Theorist's Obserwblm 
C Paschos- Wolfenstein: 

1. Parton model 
2. Isoscalar target 

t Cross section ratios 

P "tcchnical" ("standard") effects: 
P EW radiative corrections 

'physical" ("new") effects: 

Et. ( U , e - d t ) ( w )  
L Highertwist 

Pr Nuclear effects (AN 56) 
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Digested results on *standardN QCD corrections: 
NLO, TMC, (and m,) corrections 

shift RvsC 

w shift RQcD by an amount that is small compared t o  
the experimental error attributed t o  sin2 OW (4%). 

[Seeming discrepancies with analytic NLO estimates 
by B ~ g d ~ n  Dobrescu and i th  Ellis (PRD 04) have been 
understood.] 

by an amount that is o f  the order o f  the 
experimen YCD ai accuracy f o r  =& (4%). 

m These results do not permit reliable conclusions on the 
signficance of the anomaly: None of the above R's is 
actually measured Only an experimental reanalysis can 
provide a definitive answer. 

a The results do indicate that the corrections can be 
relevant within the accuracy of the data. 
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. ? 

SM: Corrections t o  the P-W Relation Due to  
Strangeness Asymmetry, Isospin' Violation, ... etc. 

where 

ec : charm-masskinematic 
correction factor 

CCFR-NuTeV: PR 065,111103 (2002) 

292 4 



Approximately: 
2 1 7 2  [S-I 

2 2 6  [&-I sin @*-(---sin @w)- 1 R - N - -  

1 
s-1 E / dx x ( s  - g) ( x )  is not protected by 

any symmetry: 0 

[s-] + 0 !!! 

I 

T. &W%chnik Charged Current 
neutrinoproduction of charm 

Data from CCFR/NuTeV (see P. S 
etermine the strange sea within a 

urid talk) 
global analysis. 

@ NLO corrections are not yet included in current CTEQ 
analysis (to meet the LO acceptance correction model). 

@ NLO corrections become sizable at high energy (HERA) 
but are well behaved for fixed target scattering 
(CCFRi’NuTeV). 
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x 
o,op' .mi o.ni 0.0s 0.1 2 3 A .S .6 . 

Typical fit results 

I I I I I I I I I  

X (scelc: linear iu z = x ) 
0.05 0.1 .2 .3 .4 .5 .6 .7 

1/3 

I 1 
Lagrangian multiplier results for [S-] : 

NuTeV/CCFR data 

Other (less) sensitive 
1.25 

1.05 

1 

0.95 

8 ' '  

-0.2 0 0.2 0.4 
[S-] x 100 
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We estimate hat -0.001 < [S-] 
(A sizable negative IS-] is disfavored by both dirnusn and other 
inclusive data.) 

0.04 .  

1 Lmulication on the NuTeV anomalv 1 
Based on a NLO calculation of the P-W ratio (see "standard" part of the talk), 
using the new CTEQ PDFs: 

A value of IS-) = 0,001 7 (central value) can reduce the NuTeV anomaly from 
a -3 o effect to -1.5 6; a value of [S-] - 0.003 - 6.003 would then reduce it to 
within 1 6. The actual effect on the NuTeV measurement must await re- 
analysis by the experimental group, correcting current flaws, extending to 
NLO, as well as taking into account global constraints. 
The variation of (S-] underestimates the full uncertainties (isospin, higher 
mist, . . .). Again, a definitive answer will have to come from NuTeV. 

The houndv ofcurrenr uncwtaing studies suggest thur rhr dimuon datu, the 
Weinberg angle measurement and other globul obtu sets used in QCD parron 
structure analysis can all be consistent with the SM. 

Status (theory) of the NuTeV anomaly 
@The cross section r a t i o s W  - that are closely related t o  the NuTeV extraction 
of the Weinberg angle have been thoroughly reevaluated by many authors under 
several SM corrections: 

@ pQCD corrections (NLO & masses) 

B electroweak corrections 

@ nucleon parton structure effects & uncertainties 

@ The exact impact of the corrections on the extraction of sin2 8, cannot be 
quantified in theory because of the involved Monte Carlo / detector ef fects in 
modeling "long" and "short" events in the NuTeV experiment. The closely related 
theoretical observables receive corrections that  are o f  the order of the assigned 
experimental errors o r  bigger. Partonic uncertainties (strangeness asymmetry, ...) 
do even survive in the ideal Paschos-Wolfenstein ratio. 

@ These effects have, so far, not been assigned a systematic error in the NuTeV 
value of sin2 8,. Claims that they cancel in the NuTeV (LO Monte Carlo) analysis 
procedure are a posteriori and have not been substantiated by an analysis that 
takes them into account ab initio. Before a careful re-assessment of all theoretical 
uncertainties (pQCD ct non-pQCD & electroweak) the 3 o discrepancy with the SM 
cannot be taken at face value. 
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Physics of Ultrahigh-Energy Cosmic Rays 

Alexander Kusenko 
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2 

0 Ultrahigh-energy cosmic rays 

0 Pierre Auger experiment 

0 Atmospheric electric fields 

1 
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4 

Alexwidc?r Knsriiko (1JCL.A) FtBRC Scicmtifir P,c.viru- '04 

Greisen- Za tsepin- K uzmin cutoff 

Cosmic microwave background radiation has temperature 2.7K = 10-4eV 
Protons interact with the CMBR and lose energy to pion photoproduction: 

Threshold: ,,G = i'm: + 2E,E,, > nt??' -k em., or lr 
E? >. 5 x 10"e~-  

Nucleon loses about 20% of its energy in each interaction Energy attenuation length: 

R G Z K  N 50Mpc 

Cross section of p y  i N T  rises rapidly at the A resonance 

3 
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Hubble distance 
b 

expect a sharp drop in the flux of cosmic rays: 

E < 5 x 10”eV - should see sources from entire 

E > 5 x lO”eV - should see sources only within 

universe 

50 Mpc 

6 

%J#, l . t , !< !+ , !  l < : i : % , r , k ,  ;( - c , i  4 

nucleon interaction length (dashed line) and 
energy attenuation length (solid line) - 

5 
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1-25 c 

l e 2 1  - 
lw17 1-18 1 w i S  lw20 let21 

m r w  (OW 

Events beyond the cutoff ... 

8 

What about photons? 

7 



p e t e c t i o n  techniques I 

Fluorescent detection: Fly's Eye, Hi Res, EUSO 
Surface array: AGASA 
Both: Pierre Auger 

10 

I Air showers I 

9 I 

I 
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Alexander Kusoiiko (UCLA) RBRC Sciontiflc Review '01 

The GZK puzzle is two-fold 
I I 

0 what are the sources of UHECR? 
0 Why no GZK cutoff (assuming AGASA data is correct)? 

12 

Pierre Auger - 
304 



14 

I Cosmic accelerators I 
I 

13 



Alexmder Iiusrnko (VCLA) RBRL! Scimtific Review ‘04 

Acceleration in AGN and radio galaxies 

16 

I Fermi acceieration I 

E 2 E 2 

15 
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0 Could be copiously produced a t  the end of inflation, during reheating, from "gravity". 

0 Can be dark matter 

0 Decays can produce UHECR in our gaiactic ha lo,  hence no GZK cutoff 

0 But extremely long lifetime N lo1' s is hard to explain ... 
I.-!. Kuzwiin R i i b a ~ o u ]  

18 

New physics? - 
0 Supermassive relic particles 

0 Topological defects (cosmic strings, efc.) 
0 New exotic particles 

0 Violations of Lorentz invariance 

17 

j I 

I 
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Alexander Miismko (UCLA) RBRC SrientiAr Revirw ' O i  

Effects of atmospheric electric fields 

Atmospheric electric fields may affect detection of cosmir rays by the ground arrays. 
[AK, Oemikan, hep-ph/0410313] 

20 

AIexandPr Kusmikn (UCLA) RBRC Scientific Review '04 

A 

High energy density in the core. Decays can produce high-energy particles. Long lifetimes. 
orth-Scsuth asymmetry. 
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I Atmospheric electric fields I 

22 

I Effects of atmospheric eiectric fields I 

21 
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diexandrx Jiiisenko (UCLA) 

I Crude estimates I 

An electron or positron with momentum p' = Zzp, + Zvpl, moving in the atmospheric 
field E ( z ,  y) is described by the following system of equations: 

Consider a vertical shower and E = E(y): 

24 

I Lightning = runaway breakdown I 

Lightning is due t o  a runaway breakdown, which is triggered by the N 10" eV cosmic 
ravs. It occurs when 

Do electric fields of this strength have an effect on the showers due to  UHCR? 

23 
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0 acceleration of electrons (more numerous than positrons) feeds energy into the shower 

0 acceleration o f  positrons increases the average energy of photons produced in the ete- 

0 the atmosphere is effectively thinner if eE  is subtracted from K. 

0 shower profile is different 

annihilations 

Need a numerical simiilation using AlRES 

26 

The energy losses of the shower electrons due t o  ionization are 

This should be compared with the atmospheric electric field in thunderclouds, which can 
be as high as 

E - 1 -- , 5 1  
iirx 

t . 3 3  

Electric field has a non-negligible effect 

25 

, 
I L ___- 
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Alexmder Kriseiilin (ZiCLAj RDRC Srieritific Re7vien. '04 

A proton initiated shower 

0.001 0.01 0.1 1 10 100 200 400 Bw Ow 1000 1200 1400 1Bw 1Ow 2Mx) 

28 

I AIRES calculations I 

0 simulate shower development in the presence of atmospheric electric fields 

0 compare parameters with and without electric fields 

0 give simulated "showers" to experimentalists for a blind reconstruction 

27 



Solve equations of motion assuming a small deflection angle (e zz 00): 

Resulting deflection, 

is not negligible 

30 

An iron initiated shower 

w z 
w 

25a+Oa 

2etC.3 

1- 

1- 

w 7  

0 
ow1 0 0 1  0 1  1 10 100 

i 

m 4M BM) 800 1m im 1400 1800 1m 2ooo 

29 
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Threshold Resummation in Polarized Heavy-Flavor 
Photo-Production 

Hiroshi Yokoya 
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Thresh0 Id Resumnat ion i n 
Po I ar  i zed Heavy-F I avor Photo-Product ion 

J i r o  Kodaira (Hiroshima U.) 
Werner Vogelsang (BNL & RBRC) 
Hiroshi Yokoya (Hiroshima U. & RBRC) 

I nt roduct ion : Heavy F I avor Photo-Product ion 

Threshold resumnat ion 

Results & Problems 

Sumnary 

1.  I nt roduct ion 

Heavy-F I avor Photo-Product ion 

?$ -+ Q \’ 
x (k, b quark) 

photon-gluon fusion process 
dom i nate the cross sect ion --> access t o  the g I uon dens i t y  

measurable i n  COMPASS, HERMES, e-RHIC experiments 

Polar izat ion : photon and proton polar izat ion i s  f ixed 

1 
2 

AcT=-(u(  + + ) - c T (  + - ) )  
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Perturbat ive Calculation (LO & NLO) 

(A)&,,~ : par.tonic cross sect ion 
( A ) ~ ~ , ~ ( ~ , F ~ )  : parton distribution functions 

L0,NLO calculat ion of  both unpolar ized and 
polarized cross sect ion are already done. 
(include numerical evaluation i n  NLO) 

E l  I is, Nason ('89) 
Bojak, Stratmann ('98) 



2. Threshold Resumnat ion 
Threshold Logarithms : Remnunts of  I R  s ingu la r i t y  cansel la t ion  

of  so f t  gluon rad ia t ion  

2n 2 a:log fi  : Leading Logarithm (LL) 

a:log2n-1 f i2 : Next Lead i ng Logar i thm (NLL) 
- Lx, log2 b2 

a, 1% b2 

0 (a,) - @a:) 
a,log2fi2>>l(aslogfi2>>1) : perturbat ion don’t converge 

sum up t o  a l  I order of 
such logarithmic terms - - 

0 Thresh0 I d Resumat ion Sterman(’87). Catani ,Trentadue(’89), 
Catani ,Mangano,Nason,Trentadue(’96), , , 

- sum up e f fec t i ve ly  by so f t  gluon approximation 

Formu I a given i n Me I I i nlnoment space 

threshold: 
p- ,I-N-+large 

A , ( ~ , ) , D Q D ( @ , )  : obtained perturbat ive ly  by f ixed order calc. 

Include NLL logs by using Catani&Trentadue 
approximated integration & CMNT minimal prescript ion 
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3. Results & Problems 

/N L 

m = 1.5GeV 

A 
c '** 

* 
8 * 

$ 

Landau pole : N, - 4 (m=1.5GeV) POIS from a,& 
25 (m=5 GeV) - * ** 

* 

unpo I ar i zed polarized 
3 

2.5 - R d  - Istarderqantion 

2 

15 

1 

0.5 

0 

1 ll 

1st order expant ion of resumat ion agree we1 I with NLO 
= Threshold approximat ion works we1 I 

* * * 
8 
8 

,**' ~ a n c i z  
- 

P 

? unpol, and pol. have different value at theshold I imit -> Landau pole singularity problem 

Inverse Me1 I in Integra (minimal prescript ion) 

A A 

~ N = N ,  + A  u N = N ,  : contribution from smal I-N region 
(even in threshold approximat ion) I 

first difference appear in sub-leading term O(LogN/N) 
but, need expl icit NLO format ion 
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Total Hadronic Cross Sect ion (charm, bottom) 
- - resul ts  from NLL lhreshold K esum. (M?) 

1s (GV) 

Matching w i th  NLO resu l t s  
NLO res 0 (as) : O = u r e s + O  -0 

Renormal i za t  ion/Factor izat  ion scale : p = m - 2 m  
scale ambiguity : 30%[20%](NLO) -> 10%[5%1(NLL) 

4. Summary 
Po I ar i zed Heavy F I avor Photo-Product ion 
- gluon d i s t r i b u t i o n  function measurement 

large QCD correct  ion -> threshold logarithm 
- sum up t o  a l  I order = Threshold Resumat ion 
-- NLL order, Minimal Prescr ipt ion 

NLL Thresh0 Id  Resumat i on(w i t h MP) 
- small-N region contr ibut ion 

too I ight heavy-quark mass? 
sub- I ead i ng t erm (LogN/N) ef fects? 

Remaining 
- charm, bottom photo-product ion are s t  i I I unstable 
- include sub-lead i ng term --> need expl i c i  t NLO 
- compare w i t h other regu I ar i zat ion scheme 

(smearing, pr incipal  value,, , )  
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QCDOC - Hardware Status and K + n;n; Decay 

Norman H. Christ 
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OUTLINE 

0 Overview of QCDOC architecture. 

0 QCDOC hardware status. 

0 QCDOC project status. 

e Brief discussioii of K -+ TT.  
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Review of QCDOC Architecture 

0 IBM-fabricated, single-chip node. 
150 1 million transistors. - 5 Watt, 1.3cmx1.3cn1 die: 

0 PowerPC 32-bit processor 
- 1 Gflops, 64-bit IEEE FPU. 
- Memory management. 

- GNU and XLC compilers. 

0 4 Mbyte on-chip memory and up to 
2.0 Gbyte/node on DIMM card. 

e 6-din1 communications network: 
c c  

- Efficient for small packet sizes, = .n.dIns latency. 
- Global suni/broadcast functionality. 
- Minimal processor overhead. 

- Lower dimensional machine part i t  ions. 

e 100 Mbit/sec, Fast Ethernet 
- JTAG/Ethernet boot hardware. 
- Host-node OS communication. 
- Disk I/O. 

- RISCWatch debugger. 

e ,S Watt, 15 in' per node. 
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MAC E OVERVIEW 

e 
e 
e 

HOST 
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DAUGHTER AND NtOTHER BOARDS 
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Single 512-Node Machine 
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Functional 

e All large machines are running reliably at 
420 MHz. 

e Operation at 450 MHz may be possible but 
our present emphasis is on bringing up the 
large machines. 

e The high-speed communications has given lit- 
tle trouble. (This may change at 450 MHz!) 

e After much effort the DDR memory is work- 
ing very reliably. 

e Ethernet has been the biggest problem. 
--- Tricky reset sequence required at power-up. 

-. At 420 MHz, Ethernet link is sometimes lost. 

- Communication can be re-established by resetting 
a portion of the Ethernet hardware. 

1.- Now automatically reset when a lost link is de- 
tected. 
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4096-node Pvllachine 
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SCHEDULE 

e Oct. 29, 2004: Ship UKQCD 5 Tflops 
Machine. 

e Dec. 24, 2004: Complete RBRC 5 Tflops 
Machine. 

e Mar. 31, 2004: Complete U.S. DOE 
5 Tflops Machine. 
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Lattice Calculation of K -+ ~ 7 i ~  

with On-shell Pions 

Changhoan Kim, Takeshi Yamazaki, Saul Cohen, 

Jun Noaki 

e Circumvent the Maini-Testa theorem by im- 
posing ant i-periodic boundary conditions 
on the final-state pions. 

0 Use Lellouch-Luscher to relate the finite 
volume matrix elements with those at infi- 
nite volume. 

e Preliminary I = 2 phase shi€ts. 

0 Preliminary AI = 3/2 K-decay results. 



G-parity Boundary Conditions 

e G-parity operation on the pion: 

0 G-parity operation on the quark fields: 

0 Must impose charge-conjugate boundary con- 
ditions on the gauge field to  preserve gauge 
invariance. 

e G-parity commutes with isospin but not with 
the cliiral generators. 
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H-parity Boundary Conditions 

a H-parity operation on the quark fields 
' (definition) : 

0 H-parity operation on the pion: 

e I, = 2, T+T+ state contains anti-symmetric 
pions with non-zero momenta. 

e Not true for the I = 0 TT state. 

0 No modification of the usual gauge configu- 
rations is required- an advantage. 
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I = 2 ~ 7 i -  phase shift results 
(domain wall fermions) 

vo1 
250MeV 

1/a( GeV) #conf’s. 

0.978 ( 14) 
0.978( 14) 

91 
172 

P 
G-parity 
H-parity 

8’ x 16 x 32 
82 x 16 x 32 

p = 450hIeV 
H-parity ES3 x 32 
H-parity l @  x 32 

0.978( 14) 
1.98(3) 

2 70 
80 

0 Running parameters : L,s =10 A& =1.65 
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1=2 Results for 6rn 

- 
I I I I I I I I 1 

Relative Momentum ( GeV) 
! 0.3 0.4 0.5 0.6 0.7 
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\ 

Itr ---j (TT Simulation Parameters 

0 Lattice size: 16" x 32 

0 Pion mass: 352hleV 

0 Kaon mass: 712hile\' - 1290hleV 

0 Lattice spacing: ~ - ~ = 1 . 3 G e \ '  

0 Action: DBW2 

0 Number of Configurations: 129 

0 Domain Wall Fermions: M5=1.8, l&=12 

0 Resulting kinematics: 

Simulation 910 MeV 352 MeV 290 MeV 
~~ 

Nature ,496 MeV 138 MeV 206 MeV 
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m effective mass 

20 
Time 

I r I  I 
1 

ii& relative mom : o 
~ . f l  relative mom : dL 
8- relative mom : 

relative mom : d 3 - d  

30 40 
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T - 7i phase shifts 
(preliminary 

W Lattice Calculation 
- From Phenomolgical parametrization \\\/ 

I I I I I I I I 1 \I 
0 100 200 300 400 500 -60 I 

Relative Momentum 
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cd c 
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- From Phenomolgical parametrization 
New Data 
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Normalized matrix elements of 
lattice operators 

Evaluate three Greens functions in the usual 
way: 
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Effective mass difference from 
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0” and o W >  matrix element versus 
Kaon mass 

-0.01 5 

3 
3 
u -0.02 

3 
0 .- d 

-0.025 

-O.O? 
( 

1 I I 

1 l=%zGq 
i ’  
I ‘ I  

I I I 1 I 
j ,/ I I I I 

I 0.5 0.6 0.1 0.8 0.9 1 
Kaon Mass 

- O . t  -0.05 

I I 

T 

3 
g -0.06 T /I 

-0.07 

-0.08 
- 

d I I I I I I 
0.1 0 8  0.9 1 
Kaon Mass 
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Next steps 

o Apply Lellouch-Luscher finite-volume correc- 
tion. 

e Compute NPR renormalization matrix for 
l /a  = 1.3GeV case. 

o Evaluate needed Wilson coefficients. 

o Extract physically normalized matrix elements. 
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Preliminary physical results for 1 
Matching done at ,i,i = 1.44 GeV 

0 4.24(23)e-8 2.14(25)e-11 2.52(16)e-11 
r/lG 7.30(28)e-8 1.72(19)e-11 2.37(12)e-11 

1.45 ( 14) e- 11 
9.1 (23) e- 12 

fin / 1 G 6.94 (49) e-8 
a r  / 1 G 6.1 ( 10) e-8 

8.6 (2 1) e- 12 
2.4 ( 34) e- 12 

Comp. Note 
--___ 

Our result 
0 2 7  7.30 ( 28) e-8 1.497e-8 Experiment 

O(8.8) -+- OL:.8) 6.65(70)e-12 1.20(22)e-l1 RBC, chiral PT 
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Outlook 

e Calculation of A I  = 3 / 2  amplitudes is 
practical with an on-shell T-T final state. 

e Calculation of AI  = 1/2 amplitudes is possible 
using G-parity boundary conditions. 
I = Quenched calculations are not possible ’because 

zero-momentum, q’-q‘ states will dominate. 

2 .  Charge conjugation of the gauge fields on the 
boundary requires special configurations. 

3. Decay to the vacuum is allowed and must be 
subtracted. 

e Using a K-meson with 0 (Rummukainen- 
Gottlieb) would address 2. and 3. above. 
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CONCLUSION 

0 QCDOC computer construction is nearly 
complete. 

Design goal of $l/Mflops has been achieved 
(see Bob’s discussion of QCDOC software next). 

- Initial RIKEN support has driven this project 
with international benefits for: 

UKQCD, US/SciDAC. 

QCDOC has also had a broader impact: 
BlueGene/L IBM machine. 

0 As Bob will discuss, this will enable RBRC 
theorists to continue outstanding research 
using lattice QCD: 

Nucleon structure. 

K meson decay, including CP violation. 

Electromagnetic properties of hadrons. 

Properties of the quark-gluon plasma and RHIC 
physics. 

Invention and development of new methods. 
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QCDOC Software and Physics with QCDSP and 
QCDOC 

Robert Mawhinney 
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N f  = 0, N f  = 2 and N f  = 3 DWF Calculations by the RBC 

Parameter 

Gauge action 

N j  = 0 N f  = 0 

Wilson 

N f  = 2 N j  = 3 

DBW2 DBW2 DBW2 
~~ 

1.04 P I 6.0 0.80 0.72 

Volume I 163 x 32 163 x 32 163 x 32 163 x 32 

8 

= 1.7 

1.17(1) x 

L,  I 16 16 12 

u-l (GeV) 1 1.92(4) 1.70(5) 1.98(2) 

1.85(12) x W cn m r e s  1 1.24(5) x 1.37(2) x 
I 
I 

. .  w 
0.02, 0.03, 0.04 0.04 Dyn. masses 1 

Algorithm HMC HB + OR R 

5361 (0.02) 

6195 (0.03) 

5605 (0.04) 

1525 Trajectories 

RBRC 11/17/04 9 
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mres versus L, for N’ = 0,2 and 3 
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Plaquette Distributions at a-1 E 2 GeV 

- 
Plaquette value 

RBRC 11/17/04 13 
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RG Evolution 

0 DBW2 action changes RG flow, so effective coupling strength at lattice scale is 
weaker. 

w 
Q\ co 

I 

Nf = 0 Wilson 

Nf = 0, DBW2 

Nf = 2, DBW2 

Nf = 3, DBW2 P 

I I I I I 

1 2 a? (GeV) 
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PDG 

0.65 4I 0.15 

w 
41 
N 

JLQCD (stag) 

0.628 4I 0.042 

B Parameter, 
quenched u +. 0 

CP-PACS (DWF) 

0.575 rt 0.019 

RBC (DWF) 

B F ( p  = 2 GeV) 
dyn. u-l = 1.7 GeV 

RBC (2f DWF) 

0.570 f 0.020 I 0.492 Zt 0.018 

0.8 - 

- 

0.7 - 

- 

0.6 - 

- 

0.5 - 

- 

I I I I I I I I I I I I I I 
0 0.1 0.2 0.3 0.4 0.5 0.6 

0.4 

k 
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Improving BK Determinations - Matrix Element Plateaus 

0.7 l ' l ' l ' l ' l  
- 
- 

€ :  
0.62 - I - 

m 0.64 - 

0.6 - - 
0.58 - - 
0.56 - - 
0.54 - - 
0.52 - I - - -. 

B, ; mdp=0.02 

M rn 

0 4 8 12 16 20 24 28 32 
timeslice 

Bare B, ; mdw=0.02 

0.48 0-51 + 
0.46 

0.44 
0 0.01 0.02 0.03 0.04 0.05 

mval 

mdyn = 0.02. The left-hand graph shows the plateau quality ( degrades with de- 
creasing valence quark mass ). The right-hand graph shows the extracted bare BK 
for all the combinations of masses. 

18 
Chris Dawson - Lattice 2004 
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(mIQiIE() Matrix Elements 

0 Direct approaches to lattice measurements 

- Lellouch-Luscher finite volume approach 

- Kim-Christ variant of Lellouch-Luscher. 
Use finite volume with antiperiodic or G-parity quark boundary conditions. 
A I  = 3/2 matrix elements, in quenched theory with physical kinematics, 
within reach of QCDOC at u-l = 1.3 GeV. 

W 
4 
v1 

0 Chiral PT approaches 

- Limited by chiral perturbation theory errors at rnstrange. 

- Numerically challenging to determine all required constants. 

- Quenched theory has different xPT than full theory (Golterman-Pallante) 

0 Still substantial room for theoretical improvements. 

0 Determination of lowest-order constants for Q WJ) QW) 9 ~ ( 8 ~ 8 )  for full QCD 

appears achievable in 1-2 year time. 

RBRC 11/17/04 21 



0 
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0 

W 
'pl m 

0 

0 

Estimating NLO € ' / E  from Quenched QCD and xPT 

Calculation determines all E( -+ mr amplitudes to lowest order. 

&/E not determined to consistent order in xPT 

Need NLO for AI = 3/2. For physically relevant strange quark masses have: 

For K -+ 7r matrix elements, log and mi corrections at mstrange to Q2 (312)  

similar to leading mq term. Barring unexpected cancellation, c(27j1)mq should 
be a considerable positive contribution to 8/~. 

Putting in values from quenched simulation gives 

Re(d/E) w -13 x 10-4(1 - O(0.95)) - (-14 x 

RBRC 11/17/04 22 
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Conclusions and Outlook 

0 Some 2 and 3 flavor dynamical DWF simulations done ( mdyn mstrange/2). 

0 Exact 2+1 flavor Rational HMC (RHMC) implemented in CPS (Mike Clark) 

0 With QCDOC, immediately test mres dependence on rectangle coefficient. 

0 With QCDOC, generate 2+1 flavor DWF lattices with physical volumes of 2.5 
fm or greater. Lattices used for calculations of weak matrix elements, nucleon 
properties and heavy quark physics. u 4 

CQ 

I 

0 For thermodynamics, near term simulation with improved staggered (P4 or 
ASQTAD). Continue to work to make DWF simulations possible on coarse 
lattices for thermodynamics. 

0 For BK,  no open theoretical issues. Precision requires careful control of 
systematics and good statistics. 

0 For K -+ 7r matrix elements, LO constants should be accessible in full QCD. 

0 For full QCD direct calculations of K -+ TX, extrapolation/interpolation/XPT 
will be needed with current machines and understanding. 

RBRC 11/17/04 24 
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Research Summary 

Sinya Aoki 
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Activity at RBRC During April 1 - October 30,2004. 

Name: Sinya AOKI 
Position: Fellow (Effectively July, 1,2004) 

Institute: University of Tsukuba 

During the above period, I visited RBRC 4 times: 
(1) July 4 - July 15,2004 
(2) July 25 - Aug. 10,2004 
(3) August 15 - August 23,2004 
(4) October 7 - October 20, 2004 . 

Publication list (2004.4.1-2004.10.30) 

1. CP-PACS Collaboration: Y. Namekawa, S. Aoki, et al., 
"Light hadron spectroscopy in two-flavor QCD with small sea quark masses", 
Phys. Rev. D (in press). 

2. CP-PACS Collaboration: K. Ide, S. Aoki, et al., 
"Non-perturbative renormalization of meson decay constants in quenched QCD 
for a renormalization group improved gauge action", 
Phys. Rev. D (in press). 

3. CP-PACS, JLQCD Collaborations: N.Yamada, S.Aoki, et al., 
"Non-perturbative O(a)-improvement of Wilson quark action in three-flavor QCD 
with plaquette gauge action", 
submitted in Phys. Rev. D. 

4. Norikazu Yamada, Sinya Aoki, Yoshinobu Kuramashi, 
"Perturbative determination of mass dependent renormalization and improvement 
coefficients for the heavy-light vector and axial-vector currents with 
relativistic heavy and domain-wall light quarks", 
submitted in Nucl. Phys. B. 

5. CP-PACS Collaboration: S. Takeda, S. Aoki, et ai., 
"A scaling study of the step scaling function in SU(3) gauge theory with 
improved gauge actions", 
Phys. Rev. D (in press ). 

6. Sinya Aoki, Oliver Baer, 
"Twisted-mass QCD, O(a) improvement and Wilson chiral perturbation theory", 
submitted in Phys. Rev. D. 

7. JLQCD collaboration: S. Aoki, et al., 
"Bulk first-order phase transition in three-flavor lattice QCD with 
O(a) improved Wilson fermion action at zero temperature", 
submitted in Phys. Rev. D. 
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Research Summary 

Since 4 and 6 in the above publication list are related to RBRC, I will summarize researches 
contained in these papers. 

In the paper entitled “Perturbative determination of mass dependent renormalization and 
improvement coefficients for the heavy-light vector and axial-vector currents with relativistic 
heavy and domain-wall light quarks,” I, in the collaboration with N. Yamada (RBRC) and 
Y. Kurmashi (Tsukuba), have determined the mass dependent renormalization coefficients 
for the heavy-light vector and axial vector currents consisting of the relativistic heavy and the 

. domain-wall light quarks. We have carried out perturbative calculation at the one loop level 
to remove the systematic error of O(a,   am^)" a p) as well as O(a,   am^)') (n >O), where p is 
a typical momentum scale in the heavy-light system. We have pointed out that using a lattice 
chiral fermion for the light component of the heavy-light currents brings an advantage to the 
heavy-light physics because it leads to exact .relations between the renormalization 
coefficients of the vector and axial vector currents. We have presented the results obtained 
with three different gauge actions as a function of heavy quark mass and domain-wall height. 

In the paper entitled “Twisted-mass QCD, O(a) improvement and Wilson chiral perturbation 
theory,” I, in collaboration with 0. Baer (Tsukuba), have pointed out a caveat in the proof for 
automatic O(a) improvement in twisted mass lattice QCD at maximal twist angle. With the 
defkition for the twist angle previously given by Frezzotti and Rossi, automatic O(a) 
improvement can fail unless the quark mass satisfies m(l >>a2A3 QCD. We have proposed a 
different definition for the twist angle which does not require a restriction on the quark mass 
for automatic O(a) improvement. In order to illustrate explicitly automatic O(a) improvement 
we have computed the pion mass in the corresponding chiral effective theory. We have 
considered different definitions for maximal twist and shown explicitly the absence or 
presence of the leading O(a) effect, depending on the size of the quark mass. 
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Research Summary 

Yukio Nemoto 
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Research Summary (“May. 2004) 

Yukio Nemotol 

Pion electromagnetic form factor  with quenched domain wall f e r m i o n s  
The pion electromagnetic (EM) form factor is one of the simplest quantities in  QCD. 

Some new experiments on this quantity at relatively large momentum transfers are  under 
way[l]. I have calculated the pion EM form factor in the quenched lattice QCD using 
domain wall fermions (DWF) with several momentum transfers which partially cover the 
above experiments. The DW’F enables us to access lighter quark masses than ever, because 
it has good chiral properties which are quite important for the Nambu-Goldstone bosons 
such as the pion. This work is in collaboration with the RBC-collaboration. 

I calculated the form factor with small momentum transfers last year[2]. In th i s  year 
I have calculated it with larger momenta to obtain the data  near the experimental values 
at J-Lab. 

Firstly I summarize the lattice parameters. We employ the DWF action for the  quark 
action. The number of sites in the fifth direction is L, = 12 and the domain wall height 
M5 = 1.8. Quark masses are taken to be mga =0.08, 0.06, 0.04, 0.03 and 0.02 whose 
pion masses in the physical unit are approximately 760, 660, 540. 470 and 390 MeV, 
respectively. The gauge action is a renormalization-groupimproved gauge action called 
DBW2 with the lattice size 163 x 32. The gauge coupling is taken to be 3 = 0.87, which 
gives the lattice spacing u-’ N 1.3 GelJ and a sufficient spatial lattice volume I’ = (2.4fm)3 
for a pion. The number of configurations is 100. The explicit chiral symmetry breaking 
due to the finiteness of the fifth direction L,  is characterized by the residual mass mres. 
Our result of nz,, after the chiral extrapolation is about 1.5 Ale\.’. which is much smaller 
than the quark masses mf. 

The pion EM form factor F,(Q’) is defined by F,(Q2)(pp + p L )  = (7r4(p)~jp17r+(p’)). 
where q2 = -Q2 = ( p  - p’)’ and j ,  is the EM current. We note F,(O) is the electric 
charge of a pion and we employ this relation as a numerical check. The past calculated 
momentum transfers of the form factor are ~ 7 =  (O ,O,  0), (1,0,0) and (1.1.0) in the uni t  of 
27rlLa with the spatial lattice size L. They correspond to physical values of Q2 = 0. 0.26, 
and 0.53 Gel”, respectively. On the other hand. the momenta in the new calculation are 
&’ = 0.53 and Q2 = 1.03 Gel-’. To improve the statistical errors. we have changed the 
calculation method and the former nionientum (Q’ = 0.53) has been calculated again. 

The EM current used here is the local current which is not conserved on the lattice 
and requires operator renormalization before comparing with the matrix element in the 

‘present address: Department of Physics. Nagoya University, Nagoya 464-8602, Japan 
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continuum, We have calculated the renormalization factor of the axial vector current, 
ZA, nonperturbatively using lattice QCD. Z A  is equal to the vector current factor 2,. in 
DWF and its chiral-extrapolated value is ZA = 0.7798(5). 

All the fitted results of the pion EM form factor after the renormalization are sum- 
marized in Table 1. We see excellent agreement with unity for Q2 = 0 for the numerical 
check. Quark mass dependence of the form factors with the finite momenta seems to be 
rather small, although they have relatively large statistical errors. 

mfa Q2 = 0 Q2 = 0.26 Q2 = 0.53 (old) Q2 = 0.53 (new) 
0.08 1.003(19) 0.783(24) 0.603(48) 0.621(30) 
0.06 l.OlO(22) 0.779(31) 0.583(73) 0.597(38) 
0.04 1.013(27) 0.761(44) 0.564(138) 0.550(54) 
0.02 1.011(34) 0.689(77) n/a 0.473(71) 

Q2 = 1.06 
0.458(18) 
0.449 (25) 
0.442(42) 
0.421(61) 

The present results show a rather small quark mass dependence. The chiral extrap- 
olated values are consistent with the vector meson dominance, i.e., a monopole function 
1/(1 + Q2/m;4), other recent lattice studies and the experimental values. This might in- 
dicate that the pion EM form factor is not sensitive to some systematic errors such as 
quenching effects and explicit chiral symmetry breaking due to the finite quark masses. 
The paper on these results is now in preparation. 

References 
[l] J. Volmer et al. [The Jefferson Lab F(pi) Collaboration], Phys. Rev. Lett. 86 (2001) 

1713; H. P. Blok, G. M. Huber and D. J. Mack, arXiv:nucl-ex/0208011. 
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Calculation of kaon matrix elements in quenched domain-wall QCD 

Jun-Ichi Noaki for the RBC Collabolation 

1 Introduction 
Non-perturbative treatment of kaon decay processes by the numerical simulation of lattice QCD has been an in- 
dispensable part for further understanding of the Standard Model. In the quantities related to kaon physics such 
as f,, f ~ ,  BK,  ReAo/ReAz and € ' / e ,  the first three are constructed straightforwardly on the lattice. However, 
in actual numerical simulations, there are several potential sources of systematic error, namely explicit breaking 
of chiral symmetry, scaling violation, finite volume effect and quenching effect. We present calculations of the 
decay constants and kaon B-parameter BK as the first stage of RBC Collaboration's longstanding quenched 
numerical simulations using DBW2 gauge action and domain-wall fermions. Due to this combination of the 
lattice action, we have chiral symmetry to a good approximation [I]. Our numerical simulation are carried out 
on two kinds of gauge ensembles with the lattice scale a-' = 2 GeV and 3 GeV in a similar physical size of 
box of x (1.6fm)3. It allows 11s to examine the scale dependences of our results. To make up physical quanti- 
ties from our lattice results. we computed the renormalization factor non-perturbatively [2], which is another 
characteristic of our calculation. 

2 Decay constants of light mesons 
From the results of the fit of correlation functions ( P -  P wall-wall and A4 - P ) ,  we construct the decay constant 
on the lattice fps. By the interpolation to the point mps = m~ and the linear extrapolation to mps = m,, 
we obtain the lattice values of f~ and fn, respectively. Physical values of these decay constants are computed 
by multiplying the renormalization factor ZA, which is extracted from the ratio of the conserved axial current 
and the conventional current on the lattice. The left panel of Figure 1 shows the scaling property of f K /  fir, 
where our results are indicated by filled circle (a-' zs 3 GeV) and filled square (2 GeV). With the result of 
previous work of the RBC collaboration using DBW2 gauge action [I], which is indicated by the triangle, we 
take continuum limit using the linear function. The result fK/ fn  = 1.098(13) is reasonably consistent with the 
estimation by the quenched chiral perturbation theory [3]. In the right panel of Figure 1, a similar plot for fT 
(filled symbols) and f~ (open symbols) are shown. Compared with the experimental results, our results of fir 
is larger by zs 7% and . f ~  is RZ 4% smaller, in the continuum limit. 
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Figure 1:  Scaling property of f,/fK (left panel), and fir and f~ (right panel). 

391 



0.8 '7 

a DEW2 pi2 

0.5 

0.8 '7 

a DEW2 pi2 

0.5 

0.3 
0 0.1 0.2 0.3 0.4 0 5  0.6 0.7 

m,* ~eV21 

0 DBWZ k1.04 

- - -  free chid log. 

0.8 , I 

0 DBWZ k1.04 

- CMlStraintedchlralbJg. 0.7 - - -  fiw chid log. 

0.6 - 

0 ' 0.1 0.2 0.3 0.4 0.5 0.6 0.7 
%' [Gas 

0.3 0 1 ' 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

0.4 

%' [Gas 

Figure 2: Lattice values of kaon B-parameter as a function of the pseudo-scaler meson mass squared [GeV2] for 
a-' M 3 GeV (left panel) and 2 GeV (right panel). 

3 Kaon B-parameter 
In Figure 2, we plot our lattice results of BK with the two kinds of fit curve 

Both functions fit our data with a reasonable value of X2/dof. In particular for u-' M 2 GeV, result of 52/50 is 
consistent with the value of -& within the error, which means our data reproduced the expectation by the 
quenched chiral perturbation theory [4], 

In the next step, we calculated renormalization factor Z B ~  = Zo,,,,/Z~. Though the parity conserving 
part of the local operator has the chiral structure of VV + AA, another chirality VV - AA, SS f PP and 

.TT may contribute to the renormalized value due to the small but &lite breaking of the chiral symmetry: 
O$y;iAA = E, ZVV+AA;~O,: where x denotes the possible c h i d  structures. In order to estimate the degree of 
this operator mixing, we calculated all coefficients ZVV+AA;~ and B-parameters of 0, for u-l M 2 GeV lattice. 
Figure 3 shows the results of the leading coefficient ZVV+AA;VI/+AA as a function of the renormahation scale 
squared, p&. In contrast, as seen in Figure 4, ZVV+AA;VV-AA is negligiblly small. In particular, after the 
chiral extrapolation for eachp?!,,,: they are consistent with zero. Since there is a complicated issue called "mass- 
pole" for other operator, we carried out our estimation at the largest quark mass imd largest pyait to avoid any 
underestimation. As a result of the combination of these coefficients and B-parameters of relevant operators 
shown in Figure 5, we confirmed that the mixing of operators with the wrong chirality can be negligible. Its 
degree is less than the statistical error of the leading term ZVV+AA;VV+AA~VV+AA. This demonstration is 
actually predicted by the notion of the fact that the exchange of two chiral modes is an (me,) effect in the 
domain-wall fermion formalism. Since it takes two exchanges for the operator mixing to occur, this is the 
O(m?-) effect. 

After the procedure which convert our renormalization factor to one in the MS scheme, we reached to our 
h a l  results of BK at p = 2 GeV. In Figure 6, we summarize our results (filled symbols) and previous results 
of the RBC [5] using Wilson gauge action and of the CP-PACS Collaboration [6] using Iwasaki gauge action. 
While there is a distribution between calculations performed with a similar parameter set at a-' M 2 GeV, 
our result and the CP-PACS result agree within the statistical error for the h e r  lattice u-' M 3 GeV. By 
extrapolating our two data points linearly, we obtained B ~ m , p  = 2 GeV] = 0.569(21). 
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U. van Kolck’s Research 

2003/04 

Since the 2003 RBRC review meeting, my research activities involved various aspects of 
nuclear effective field theories (EFTS). Focus was on reactions involving few-body systems - 
Compton scattering and pion production- and symmetries --chargesymmetry breaking and 
parity violation. 

1 Low-energy Compton scattering 

The electromagnetic polarizabilities are a fundamental property of any composite object. For 
example, in a simple quark-model picture the polarizabilities contain averaged information about 
the charge and current distribution produced by the quarks inside the nucleon. Photon tagging 
can be used to measure Compton scattering on weakly-bound systems, since it facilitates the 
separation of elastic and inelastic cross sections. Proton electric and magnetic polarizabilities, 
ap and &,, can be obtained from elastic scattering on hydrogen targets. In contrast, the absence 
of free neutron targets requires that the neutron polarizabilities an and /?, be extracted from 
scattering on deuterium targets. Data exist for coherent yd + yd from 49 to 95 MeV, and 
for quasi-free yd + ypn from 200 to 400 MeV. The coherent process is particularly sensitive 
to the isoscalar combination of polarizabilities, a~ = (ap + an)/2 and ijrhi = (& + p n ) / 2 ,  
via interference with the larger Thompson term. The extraction of neutron polarizabilities 
from these data requires a consistent theoretical framework to separate nucleon properties from 
nuclear effects. In the long-wavelength limit of interest such a framework is EFT. 

The amplitude for Compton scattering on the nucleon has been computed to 0 (Q4)  by J. 
McGovern. To this order, the only undetermined parameters are the short-range contributions 
to the polarizabilities. We have calculated the amplitude for coherent Compton scattering on 
the deuteron to the same order in Weinberg’s power counting ’. The single-nucleon amplitude 
is boosted to the relevant deuteron frame, and all two-nucleon diagrams up to 0(Q4) are added. 
The kernel for Compton scattering on the deuteron is the sum of the singlenucleon amplitude 
and two-nucleon contributions. The full amplitude is obtained by sandwiching the kernel between 
deuteron wavefunctions obtained within EFT to the appropriate order. There are no unknown 
parameters in the two-nucleon sector. 

We have now fitted the world’s low-energy proton and coherent deuteron data, and extracted 
< 200 MeV), we both the proton a i d  neutron polarizabilities ’. From the proton data (w! 

find 
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while from the deuteron data (w, a< 160 MeV), 

aN = (13.0 f ~.g)?;:; x 1 0 - ~  fm3, 

PN = (-1.8 z t  I.S>?X:; x 1 0 - ~  fm3. (2) 

This is the first time such a consistent extraction is done. Our values for the proton are close 
to existing model-dependent analyses that include higher-energy data, but with considerably 
larger error bars that result from our restriction to low energies. Neutron polarizabilities are 
comparable to proton values within (rather large) errors. 

2 Charge-symmetry breaking in pion production 

The observed nucleon mass splitting has far-reaching consequences in nucleosynthesis, but it is 
not well understood. It originates from both electromagnetic and quark-mass-difference effects. 
An empirical determination of the latter component of the nucleon mass difference could allow, 
together with its calculation in lattice QCD, for an extraction of the down-up mass difference. 
While electromagnetic interactions break isospin in general, the quark mass difference breaks 
explicitly charge symmetry, a particular isospin rotation that interchanges up and down quarks. 
W i t h  the framework of the EFT with explicit pion fields, additional experimental information 
on the relative size of the two mechanisms comes from associated s-wave pion-nucleon interac- 
tions required by chiral symmetry. Lacking accurate low-energy pion-nucleon scattering data, 
we turn to reactions where a TO is emitted near threshold after being created by one nucleon and 
rescattered by a second. Recent results of the TRIUMF np + d?ro 'experiment have confirmed 
the prediction of Miller, Niskanen and van Kolck that the two contributions to the nucleon mass 
difference can produce -via pion rescattering- a relatively large contribution to the front-back 
asymmetry, of opposite sign to more conventional mechanisms. Unfortunately, the interference 
with the largest of these standard mechanisms, pi-eta mixing, makes the h a l  result also sensitive 
to the poorly-known eta-nucleon coupling and pi-eta mixing angle. 

We have argued that more experimental information is needed to separate these various 
charge-symmetry breaking (CSB) mechanisms. With our theoretical support, an IUCF col- 
laboration led by A. Bacher and E. Stephenson has recently reported the first unambiguous 
observation of the CSB reaction dd + mo near threshold. The measured cross section depends 
on the same CSB mechanisms as does the np + d71-O asymmetry, but with different weights. It is 
proportional to the square of the CSB pion production amplitude, but the interpretation of the 
experimental result is complicated by the rich isospin-conserving interactions among the four nu- 
cleons. In order to tackle this issue, we have assembled a theoretical collaboration, which has by 
now identifled the leadiig CSB operators in EFT and evaluated the main treelevel mechanisms 
near threshold, using a simplied set of d and a wave functions and a plane-wave approximation 
for the dd initial state 2. The leading-order term stemming from the nucleon-mass contribu- 
tions is shown to be suppressed because of poor overlap of initial and hal states, while the 
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higher-order pi-eta-mixing and heavy-meson-exchange amplitudes contribute coherently to the 
cross section. Our preliminary results suggest that the largest contribution comes from pi-eta 
mixing, and is of the same order of magnitude as the measured cross section. Incorporation of 
a realistic a wave function and dd interactions is in progress. 

3 Charge-symmetry breaking in the N N  potential 

Given their importance in pion production it is natural to wonder what role the s-wave pion- 
nucleon CSB interactions associated with the nucleon mass difference play in other nuclear CSB 
observables. They contribute, for example, to the two-pion-exchange CSB N N  potential. 

We have shown that the effects of the nucleon mass difference on the nuclear potential can 
he obtained easily after a field redefinition in the EFT involving nucleons and pions. This field 
redefinition eliminates the nucleon mass difference from external states in favor of new isospin- 
violating interactions. As an example, we rederived previously-obtained results on the CSB 
class-I11 potential -which splits two-neutron and two pron interactions- including its two- 
pion exchange component. We also derived the remaining component of the CSB N N  potential, 
the class-rV force, which breaks charge symmetry by mixing I = 0 and I = 1 channels. We 
have found that in the EFT the leading class-IV force comes from the same one-pion exchange 
already established in the literature. 

We then used this field redefinition to derive the leading-order three-nucleon force that 
violates isospin -an in particular c h a r g e  symmetry *. The effect of the this three-nucleon 
force was investigated in the trinucleon systems using Faddeev calculations. We found that the 
contribution of this force to the 3He - 3H binding-energy difference is given by AEFiF cz 5 keV. 

4 Parity violation in the N N  potential 

Renewed interest exists in hadronic parity violation (PV), as current experiments do not seem 
consistent with the conventional parametrization in terms of one-boson-exchange models, PV 
electron scattering on the proton and deuteron marginally fits with existing theory. and new 
measurements are underway. Various PV observables have been analyzed within EFT, hut there 
has been no systematic study of PV nuclear forces win this context. 

For some time we have been reexamining the PV N N  force in light of EFT. We have now 
built the complete EFT framework for the analysis of PV utilizing Weinberg's formulation. 
We organize the PV N N  interaction in powers of derivatives and inverse powers of gauge- 
boson masses, truncating the discussion at O(Q) and lowest order in the Fermi coupling. The 
lowest-order interaction, from one-pion exchange, occurs at O(Q-'). At O(Q)  there exist five 
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contact interactions together with a mid-range component arising from two-pion exchange. We 
compare this description to the conventional parametrization, and discuss how the short-range 
parameters can in principle be determined empirically from existing and future experiments. 
We h d  that the novel two-pion-exchange potential is signiscant when compared to one-heavier- 
boson exchange in the same channels, and might therefore affect the fits to observables. 

5 Coupled-channel scattering 

In certain situations crow sections are much larger than the size set by the range of the inter- 
actions. One example is N N  scattering near threshold, for which an EFT without pion fields 
has been constructed. In general, more than one channel might be involved, and one or more 
could be ‘Lopen”,in the sense of a sink’of flux, as for annihilation channels in low-energy proton- 
antiproton scattering. Open channels are usually described using optical potentials. What is 
the EFT counterpart? 

We have developed an EFT for coupled-channel scattering with short-range forces that can 
be used when the cross sections in two or more channels are much larger than the interaction 
range. We showed how one can obtain a cutoff independent 2‘-matrix starting with the EFT 
Lagrangian with contact interactions. We have obtained a low-energy expansion of the coupled- 
channel 2’-matrix analogous to the effective-range expansion in the w e  of a single-channel elastic 
scattering. We have shown also how one recovers the well-known analytic structure ---cusps and 
steps- of the coupled-channel 2’-matrix. In the case of an open channel, the 2’-matrix can be 
expanded in powers of the ratio of the energy above threshold to the threshold energy. As a 
result one obtains an effective-range-like expansion with complex parameters, which is analogous 
to what one derives using optical potentials. 
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Research Summary - Tilo Wettig 

In the past year my work has been focused on the following topics. 

1. Matrix models and lattice simulations for QCD at nonzero 
chemical potential 
Together with Gernot Akemann, I have performed lattice simulations to 
test predictions of random matrix models for the eigenvalue spectrum 
of the lattice Dirac operator at nonzero chemical potential. Excellent 
agreement was found, and the results were published in Phys. Rev. Lett. 
[l]. This was the first lattice study of this kind. In the meantime, I have 
refined the analysis and have thereby been able to rule out one of two 
competing models on the basis of the lattice data. More detailed inves- 
tigations are underway, and the results, whch are of interest for studies 
of the QCD phase diagram, will be published soon. 

2. Color-flavor transformation 
My graduate student Yi Wei and I have derived two new versions of 
the color-flavor transformation for gauge group SU(N): (a) a version for 
bosonic fields and (b) a supersymmetric version for fields that can con- 
tain both bosonic and fermionic components. This work generalizes an 
earlier result for fermionic fields computed by my former postdoc Boris 
Schlittgen and myself. The new results can be applied to the theory of 
boson-induced Yang-Mills theory with or without physical fermions as 
recently suggested by Budczies and Zirnbauer. In the process of deriving 
the transformation we have also computed several new results for inte- 
grals over non-compact groups. We are currently writing two papers for 
publication in Nucl. Phys. B. 

3. Small eigenvalues in the Gaussian Unitary Ensemble of Random 
Matrix Theory 
In the Gaussian Unitary Ensemble of Random Matrix Theory, there 
is nothing special about the point X = 0 in the eigenvalue spectrum. 
However, this point can be made special by looking at the absolute values 
(or the squares) of the eigenvalues. I have computed the distributions of 
individual small eigenvalues for this case. These are of interest for lattice 
simulations with Wilson and overlap fermions. A paper for publication 
in Phys. Rev. E is nearly completed. 
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4. Normal modes of chiral random matrix ensembles 
In the framework of Random Matrix Theory, analytical predictions have 
recently been made for the behavior of normal modes, i.e. for the fluc- 
tuations of the eigenvalues about their average locations. Together with 
Wolfgang Soldner, I have performed lattice simulations to test these pre- 
dictions. The lattice data agree with the predictions up to a charac- 
teristic scale which can be understood theoretically from the low-energy 
effective chiral theory. Our results are currently being written up for 
publication. 

5. Benchmarking of supercomputers for lattice QCD 
I was a member of a benchmarking committee at DESY to evaluate var- 
ious supercomputing platforms with regard to their suitability for lat- 
tice QCD. These platforms included commercial supercomputers, clus- 
ters of PC’s or workstations as well as custom-designed machines such as 
QCDOC and apeNEXT. The conclusion of this study was that custom- 
designed machines offer the best price-performance ratio and superior 
scalability [3]. 

6. The QCDOC supercomputer 
I have continued my collaboration with Columbia University, the RIKEN- 
BNL Research Center, IBM Research, and UKQCD on the construction 
of the massively parallel QCDOC computer for lattice QCD [4, 61. Large 
prototypes are already running physics code, and three machines of 10 
TFlops (peak) each are currently being assembled at BNL. 
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More particle species (How about A, 9, etc.?) 

4 Masashi Kaneta, RBRC, BNL 1 1  



- Quark coalescence picture 

\ J  1 
62.4 6eV Au+Au: P H W X  mliminarv 
200 6eV Au+Au, charged p;K,p : from PRL 

# : work in progress 

P 
h, 
P 

U.W 

0 0.5 I I .5 2 2.5 3 3.5 4 
4.02 

& 
$ 
4 Masashi Kaneta, RBRC, BNL 12 



- Large elliptic flow a t  low pT 

- Non zero v, a t  high pT 

- Quark coalescence picture works 
- Charged TC, K, p v2 is published: PRL91, 182301 (2003) 
- A paper of photon and .IC0 v2 is in progress 

suggests strong pressure in early stage 

high pT suppression by energy loss (Jet quenching) 

I I 

GeV Au+Au 

- Quark coalescence picture still works in pT/nquark<l GeV/c 

& 
$ 
4 Masashi Kaneta, RBRC, BNL 13 



J/Y + pp in 1s = 200 GeV p-p, d-Au and Au-Au 
Collisions 

Douglas E. Fields 
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J/UI+pp in 4 s  = 200 GeV p-p, d-Au 
and Au-Au Collisions 

Douglas E. Fields 
University of New Mexico/RIKEN-BNL Research Center 

Nov. 21,2003 Douglas Fields UNM/RBRC 1 



Glu 

Physics Goals 

124 

44) 

Quark-Gluon Plasma 
J/Y, Y?, Y suppression (enhancement?) 
Open Charm/Bottom production 
on Initial & Final state-effects 
Nuclear and x Dependence of J / Y  
production 
Production mechanism 
J/Y polarization (More statistics) 
Feed-down from X, (Need Nosecone 
Calorimeter) W+ Pr3uction 

A L L  ( 

I 
Gluon Polarization (AG/G) 1 

- Gluon Fusion process + JN or -..“----I- W )  
- Open Charm and Bottom W+ 

Anti-quark Polarization 
Parity violating W production (Need 
new trigger at SOOGeV) W- Production 

Nov. 21,2003 Douglas Fields UNM/RBRC 2 
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RHIC Run2 pp Results 

7 
* W 2 3 4 2 3 4 

2 Inv. mass (GeV/c ) Inv. mass (GeV/c -) W 

T -- 

COM (GRV98NLO) 
'4 *. . . . . . . . COM (MRSTZOOINLO) .. , 

0 I I I I I 

u c  

" 1.5 

i - 
-3 -2 -1 0 1 2 3 

rapidity 

Nov. 21,2003 

O F " " '  1 , 1 1 1 1 1 1 1  I ' L  

(GeV) 
10 1 o2 

Douglas Fields UNMlRBRC 

s t  

- COM(GRV98NLO) 

COM(MRST2001 NLO) 

- COM(GRV98NLO) 

COM(MRST2001 NLO) 



RHIC Run2 Au-Au Results 
.- tn = I 0.45 
6 > 0.4 
L L 

7 “ L  0.1 

0 . 0 5 h  

0 

R. L. Thews, M. Schroedter, J. 
Rafelski, Phys Rev C 63,054905 
Plasma Coalescence Model 

I Binary Scaling I 

Stat. Model 
Andronic et al nucl-th/0303036 

Absorption (Nuclear + QGP) + final- 
state coalescence 

Absorption (Nuclear + QGP) 
L. Grandchamp, R. Rapp, Nucl Phys 
A709,415; Phys Lett B 523,60 Number of Participants I I 

49.3 million minimum bias events analyzed in Central Arm, Run 2 
U 8, 5, 0 “most likely signal” for 3 centrality bins 

Not enough statistical significance to distinguish various models but strong 
enhancement seems, to be disfavored. 

Nov. 21,2003 Douglas Fields UNM/RBRC 6 



Id 

10 

I 

P 
W cn 

RHIC Run3 d-Au Results 

Example : dAu north sample 

1 
P Identify muons 

I 
I P Di-muon inv. mass spectra 

P Subtract combinatorial backgrounds 

- Depth in Identifier 

1 

( P d , _  # : E  ) 
- Signal = N+_ - 2 4 ~  J(*X~ ) 

200 5.076 f 0.006613 
0.1649 f 0.008699 150 

100 
50 
0 

Mass Resolution - 150 to 200 MeV P 

Work in progress to quanti& 
physical backgrounds : 
- Open charm & beauty, 
- Drell-Yan, 
- A hintofv'  

For now: fit gauss J/y+exp bg 
Correct for acceptance and 
efficiencies 

+ Cross section 

Nov. 21,2003 Douglas Fields UNM/RBRC 7 



RHIC Run3 dAu and pp Results 
a 200 

-3 -2 -1 0 1 2 3 
Rap id it y 

25000 

20000 

h 

3. I 5 O o 0  

g la000 

3. 
P 
P b 

5000 

0 

V I . , . . .  

OPHENIX p+p- 
I PHENlX e*e- 

1 . .  

dAu 

-2 -1 0 1 2 3 
Rapidity 

Nov. 21,2003 Douglas Fields UNM/RBRC 8 



1.6 

RdA 
1.4 

u 
-6 0.4 

0.2 

0 

dAu/pp versus rapidity 
d-Au JPI' Ratios 

PHENIX Preliminary 200 GeV 

LOW x2 - 0.003 
(shadowing region) 

... 

*HENIX p*p- \. -.. 
1. I P H E N K  e'e- 

Kopeliovch 
Vogt, FGS st ad + 

- _ Y  Vogt EKS98 noabsorp 

\. '. 92 3bmrp 

\, 
"I- ~ Vogt EKSSB+ad91Ihnorp 

'. 
Klein,Vogt, PRL 91 :A42361>2003 
Kopeliovich, NP A696:669,2001 

- 
-5 -2.5 0 2.5 5 

Rapidity 
ata favor (weak) shadowing 

Rapidity dependence of a - P H E N 5  Preliminary 
J/v --> p' p-, cdA = cPp (?A) 

1.1 

1 

0.9 

a 
0.8 

0.7 

0.6 

I 
Isf Jlly's at large 
negative rapidity! 1 

A I  
rn 

4 *m 
S II E866/NuSea (39 GeV) 

& NA3 (19 GeV) 
0 PHENlX p*p-(2(jo &VI 
R PHENIX e'e-(200 GeV) 

I. - .- 
-2 -1 0 1 2 3 

Rapidity 

+(weak) absorption (a 0.92) 
With limited statistics difficult to disentangle nuclear effects 

Will need another dAu run! (and more pp data also) 
Nov. 21,2003 Douglas Fields UNM/RBRC 9 
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Fc 
W 
CD 

l N o r t h  (Y-1 8) 
*South MinBlas 
*North MinBias 

LOW x2 - 0.003 
1 . - - 1  1 - . ' ' ' . ' . .. 

dAu / pp versus Nco,, 
PHENIX Preliminary 200 GeV 

J/Y --> l+l- vrs Number of Collisions 

1 High x, - 0.09 
d+Au -+ Jlyr at 4s = 200 GeV 

Nov. 21,2003 Douglas Fields UNM/RBRC 11 

0 
0 2 4 6 8 10 12 14 16 18 20 

Number of Collisions 

m o d A x c N  coll > 
2 x 1 9 7 ~ 0  X C  Nco,, > 

R =  
PP 

Low x3 A" shape consistent with 
shadowing models 

High x2 shape steeper than 
corresponding antishadowing.. . 

f N o  j ~ ~ ~ ~ p ~ ~ ~ ~ ~ ~ ~ ~ ~  so far) 



J/ Y ,Signal in Au-Au Collisions 
LZl RUN4 has accumulated -240pb-I and already see clear J/V signal 
from a small portion of AuAu (data /ess than 70%). 

& 

0 

. .  

i ......... ...... I_ +. ..-... .-.... u1" .. 

L 
. . . . . . . . .  

..-. .......... .-. ............................... - - ....... .. .I ... - " ~  ... 

r i  
Nov. 21,2003 Douglas Fields UNM/RBRC 12 



Summary 
Both North and South Arms installed and performing 
well. 
pp J/y data shows that Energy dependence of q/,,, can 
be well reproduced by gluon distribution function. 
dAu J/y data suggests that gluon shadowing is weak 
and that absorption is smaller than expectations based 
on lower energy data; but pT broadening is very 
similar to that seen at lower energies. With limited 

f. fs P 

statistics difficult to disentangle nuclear effects. Will 
need another dAu run! (more pp data also). 

Au-Au J/y data is approaching complete analysis - 
stay tuned. 

Nov. 21,2003 Douglas Fields UNM/RBRC 13 



Single-inclusive Cross Sections and Spin Asymmetries 
in Hadronic Collisions 

Werner Vogelsang 
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Single-inclusive cross sections and spin 
asymmetries in hadronic collisions 

Werner Vogelsang 
RBRC & BNL Nuclear Theory 

IC-Spin : an exciting program 
RBRC helps in major way to carry theory effort : 

S. Kretzer, F. Yuan (as of 09/284)4), H. Yokoya, 

some examples from past year : 

analysis of fragmentation fcts in e’e- and pp - TOX 
Kretzer I Yokoya Str-atmaim. W’F 

single-transverse spin asymmetries in p p 
E l  ;Ji ,  Ma F l  : Kouta-is. Qiu. W V ;  Boer, %’\’ 



much of this is of relevance not just for RHIC-Spin : 

NLO calculations important for general understanding 
of pp cross sections at RHIC (and in QCD!) 
(same is true for fragmentation functions, resummations . . .) 

applications to dA scattering at RHIC 
M. Strikman, V. Guzey, WV 

Neutrino interactions Kretzer, Reno; Nagiwara, Mawatmi, Yokoya 

Strange quark asymmetry in nucleon 
Kretzer, O ~ R ~ S S  et ai.; Gatani, de Florian, Rodrigo, WV 

38 students (USA, Europe, Japan, ...) 
12 lecturers 

organized in part by members of RBRC 
funded > 1/3 by RBRC 

446 



High- pT single-inclusive reactions : 

H 

pp -+ T X :  pp - j e t X :  pp -+ 2 X .  

the “next-simplest” observables in pp scattering, 
after Drell-Y an 

short-distance interaction perturbation theory 

important tests of QCD hard scattering, need 
for higher orders, resummations, power corrections 

important insights into proton structure 

One prime example: 66 at RHIC, to measure Ag 

ard scattering in hadron coi lisions 

. .  

(for pions, additional fragmentation functions) 
44 7 
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4 -40 
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Uncertainty = 17% 't. "1 @+ 1.5 1.7 1.9 21 23 GeVlC - 

0 contributions by partonic scatterings 
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0 

: Q Z =  i c,v2 
' ,  

c.  -.,- 

Probed by 
$6 collisions 
at RHIC! 

gluon polarization 

weak constraint from 
c--=l DIS scaling violations 

jet, \VI .. 

L 

Spin asymmetries at 
- L = 3 l p h  

B. Jiiger, Stratmaim. \I'V 

0.01 - - 

This is "now" ! 
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p p  + n O X  
at lower energies 

i? 
8 
f 

5 - z 
10 

1 

no production 
by proton beams 

a WA70 4 ~ 2 3 . 0  GeV 
w: NA24 &=23.8 GeV 
A UA6 4 ~ 2 4 . 3  GeV - -  
0 E706 4 ~ 3 1 . 6  GeV 
3 E706 ds=38.8 GeV 
I R806 &=30.6 GeV 

R806 4~44.8 GeV i 
t 

0.2 0.3 0.4 0.5 

Apanasevich et af. 
(see also Aiirenche et al.; Bourrely, Soffer) 

Why problems in fixed-target regime ? 
Why “near perfect’’ at colliders ? 

0 higher-order corrections beyond NLO ? 

+ .. .+ 

‘Lthreshold” logarithms 

2~ -+ 1 : oniy soft/collinew gluons allowed 

450 



Large terms may be resummed to all orders in (I., 

Leading logarithms 

expect large enhancement ! 
(NLL far more complicated. knov+ n) de k'lorian, I+ V 

pp -7PX 

de Fforian, Wiv 

10 

10 2- 

10 

1 

-1 
10 

-2 
10 

-3  
10 

I 
10 

-5 
10 

-6 

3 1 S 6 7 8 9 
10 

P p V )  
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WA7Q pp + no+X Ed3a/dp3 (pb/GeV2) 
i ' " " ' ' " " ' " " " " ' " ' " " ' I  

-3 1 WA70 ds=22.9 GeV I q I < 0.05 
I . . . . I I I . . l . I . .  

4 4.5 5 5.5 6 6.5 7 10 

tremendous success of NLO at collider energies 

allows detailed understanding of spin asymmetries 

at lower energies: resummation appears crucial 
large effects for inclusive hadrons 

will be relevant in many situations, for example in 
@ -+ C E X  at and 

Kodaira, WIT 

much further theory work needed 
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Measurement of Prompt Photon in 1s = 200 GeV pp 
Collisions 

Kensuke Okada 
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Measurement of prompt photon 
in ds=2OOGeV pp collisions 

Kensuke Okada 
For the PHENIX collaboration 

November 2004 RBRC Review 1 



Motivations 
Physics meaning of prompt photon 
- Is a good probe of parton structure in nucleon. 
- One of simple processes at hadron collisions. 

At RHIC (a polarized proton collider capable of 4s up to 
* SOOGeV) 
VI m - The highest energy available for pp~gamma+”X” 

- Prompt photon production can probe the gluon polarization in 
proton. 

November 2004 RBRC Review 2 I 



Data 
RHIC run3 p+p 

2003 April-May 
ds=200GeV Pro ton- p roton co I I is ions 
Luminosity= 266nb-1 

RHIC-PHENIX detector 

Central Arm (West) 
(Rapidity lyl<O.35) 

Electromagnetic Calorimeter (EMCal) 
Photon detection 
High granularity (-1 O"1 Omrad2) 

Charged hadron veto 
Drift chamber (DC) 

Beam forward / backward 
(Rapidity 3.1 cly1~3.9) 
Beam-beam counter (BBC) 

Triggering and vertex determination 

BBC and EMCal Trigger for the data taking 

November 2004 RBRC Review 3 



Analysis procedure 
Prompt photon signal = All EMCal clusters - known contributions 
Signal / Noise = 0.2-1 (pT 5-17GeWc) without no tag 

I Non photon contributions (hadronic shower) I 
Electromagnetic shower shape requirement I 

Charged hadron veto with drift chamber tracking 

6 
~0 I Photon contributions I 

no with only on, photon seen in detector 

Photonic decay of q,m etc. 
-Estimate based on photon tagged as zQ 

-Estimate to be 2325% of the total no contributions 
(=Production * Br(h+y) ) 

November 2004 RBRC Review 4 
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-0 tag J b  

-Out of EMCal Arm _____, 

-EMCal bad area I 1  

_____, 

___, -Less than the minimum E 
J % 

O -Photon conversions - A 

-Photon merging _______+ 

I Our efforts to recover them I 
Assign edges only for partner search 
(guard veto region) 
Careful definition 

Set Emin as low as possible (at 150MeV) 

Charged veto with DC tracks, not with 
a detector in front of the EMCal 
In our pT region, those are rejected by the 
EM shower shape cut. 

From MC, 
yfrom missed no / from 

= 40% @ pT=SGeV/c 
= 20% @ pT=IOGeV/c 

November 2004 

Now we are readv to obtain prompt photon vield. 
RBRC Review 6 



Signal to noise ratio 
I Photon components I 

..................... 

i 

0 2 4 6 8 10 12 14 16 
O-JI " " ' " ' ' I '  " " ' " ' " ' I I 

......................................................................................... 1 1 4  - k  
~~ 

0.8 ....... signal 
......................................................................................... 

...................................... noise f++-++ 1 ......I ........................................ 

I O  12 14 46 

L I 

15 

.................................................................. With Isolation Cut1 

..................................................................... t ( s y b t r a c  
1 

t + 
0 2 4 6 8 10 12 14 16 18 

pT [GeVlc] 

With the isolation cut, 
The signal is enhanced 1 

ng 
ion) 

N 

P T [ ~ V / C l  

November 2004 RBRC Review 7 
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Result with NLO pQCD calculation 
(Subtraction) 

sysieraatkara 

NLO pQCD (by W.Voge$aq) 
“ I  

CTEQ6M PDF 
P=1RPP PP2R 

LL 
4 
L 
6 

November 2004 

(’ 

Bands represent systematic errors. 
Errors on the backgrounds result in 
enlarged errors on the signal, 
especially at low-pT region. 

0 N LO-pQCD calculation 
- CTEQGMPDF. 
- Gluon Compton scattering 

+ fragmentation photon 
- Set Renormalization scale 

and factorization scale 
pT/2 ,pT,2pT 

I The theory calculation shows a good I 

RBRC Review 9 



Isolation cut 

1 o2 

10 

1 

PHENIX Preliminary (Subtraction) 
u 

Shaded box wpmsmts ~ i e m a t i c  ecmw 
Without isolation cut efficiencv 
correction 

The result from isolation cut method is 
almost identical with the result from 
subtraction method 

It suggests 
- low rejection power for the fragmentation 

orland 
- a large contribution from gluon Compton 

photon contributions 

scat te ri ng 
I 

4 6 8 10 12 14 16 18 
Pd-vw 

November 2004 RBRC Review 10 



Summary 
- The prompt photon cross section for 2OOGeV p+p collisions 

-In the analysis, it is important to tag no. 
has been measured at PHENIX. 

-NLO pQCD calculation agrees well with our measurement. 
m VI 

-The isolation cut improves the signal-to-noise ratio 
without significantly reducing the signal. 
(It is important for future spin asymmetry measurement.) 

November 2004 RBRC Review 11 



Measurement of Single Electrons in Is,, = 62.4 GeV 
Au + Au Collisions at RHIC-PHENIX 

Tsuguchika Tabaru 
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Measurement of single electrons in&,, = 62.4 
GeV Au+Au collisions at RHIC=PHENIX 

Tsuguchika TABARU 

Contents 
Physics motivation 
Spectrometer setup 
Analysis 
Result 
Summary 

2004/10/25 2004 RBRC Review Committee Meeting, Tsuguchika TABARU 1 



Physics motivation 
and interaction in hot 

. In the case of single electron 
measurement, the physics processes are, 
A) Heavy quark production in hard collisions. 
B) Multiple collision and energy loss of heavy 

hot and/or dense media. 
C) Semi-leptonic decay. + 

n 
3 0 

' I  

2004/10/25 2004 RBRC Review Committee Meeting, Tsuguchika TABARU 2 



Physics in the process 
A) The heavy quarks are thought to be produced by hard 

gluon-gluon fusion. The yield of single electrons from 
heavy quarks depends on the initial gluon density. 

B) The heavy quarks travel through hot and dense matter and 
lose energy by multiple-collisions and gluon 

5 P 
bremsstrahlung. By these effects, 

2) elliptic flow can be seen by thermalization. 
ctrons will be suppressed by energy 10s 

In this talk, we determine B)-1). 

2004/10/25 2004 RBRC Review Committee Meeting, Tsuguchika TABARU 3 



Component of single electron I 

Main components By R.Averbeck 
- no and q Dalitz decay. 
- y conversion. P 

S 
8 - 

“photonic electrons” can be = 0 

evaluated by ‘‘converter m 
btraction ss 

2 Other components (“non- 2 

rf: 
Q! 

- These two components, 

>(I 

n 

e 
r 
U 

- Kaondecays 
- Di-electron decays of light 

- These can be evaluated by 
vector mesons. 

cocktail calculation. 

s 

I 2 3 4 5 6 pr [GeWc] 

2004/10/25 2004 RBRC Review Committee Meeting, Tsuguchika TABARU 4 



Electron 1 
counters 

2004/ 1 0/25 

Spectrometer setup 
PHENIX Detector A From PH ENIX page 

ing devices 

West BeamView \ East 
Colliding point Trigger counter 

2004 RBRC Review Committee Meeting, Tsuguchika TABARU 5 



Photon converter 
The photon converter with the radiation length of 1.7% was 

0 

5i 
P 

installed 
By use of this ad= 
ditional conver- 
sion electron, 
we can subtract 
electrons from 
conversions and 
Dalitz decays. 

le beam ipe ( ~ 4  cm) for 1/10 of the run. 

2004/10/25 2004 RBRC Review Committee Meeting, Tsuguchika TABARU 6 



Extraction of non-photonic electron 
We use “converter subtraction” method. First we defined 
p,-dependent variables as 

- 6‘1 : All electron yield in tlic converter data set 
-- A I All electron yield in the non-converter data set 
~- P : the yield oftlie conversion and Ilalitz electrons 

(“photonic electronsq’) 
- N : the yicld of the other electrons (“non-photonic electrons”) 

Yirn : the ratio of the “photonic electron” in converter data 
set to that in non-converter data set, obtained by simulation. 

yield 
Figure by M.Togawa 

/ \  Pt  

converter subtraction method + 
yield 

The following relation holds between those variables r /  
I_ = &i,a x I) + N 

= p + N  
Therefore, P and N can be determined as 
- I”=( < : - A ) / (  Rsjrrl- 1) 
- N = ( R,.jtll x A - ‘ ) / (  Rbiln- 1) 

Finally, we can extract signal of heavy quarks ‘ 
by subtracting spectra of all the other known 

S O U ~ G ~ S  from “non-photonic” speGtrum, 
2004/10/25 2004 RBRC Review Committee Meeting, Tsuguchika TABARU 7 
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Ratio of converter yield / non-converter yield of 
electrons (RcN) 

converter to non-converter ratiqelectron 

I I 

F- 
4 
4 

2004/10/25 

no simulation 

The simulation job is 
by RIKEN CCJ and 
RIKEN RSCC. 

done 

2004 RBRC Review Committee Meeting, Tsuguchika TABARU 9 



Result 
Left panel: “non-photonic electrons” with known source, p +e+e- , m 
+e+e-, @ +e + -  e and electrons fiom kaon decays. 

Right panel: signal electron spectrum, coming fiom heavy quark 
decay. 
Minimum bias data, centrality fkom 0 to 83.4%. I 

2004/10/25 
pr [GeVlc] 

2004 RBRC Review Committee Meeting, Tsuguchika TABARU 10 



Comparison with the ISRp-p data 
The figure shows comparison to the ISRp-p data at 
sqrt(s)=62.4 GeV scaled by T,,=6.94 [mb-'1. 
No significant difference is seen within the errors. 
3 Consistent with 

the picture that 
charm quark 

f.  
4 
W 

yield is scaled 

2004/10/25 

I inclusive (e'+e')/2, minimum bias,(cent:0-83.4%) 1 

ISR, Phys.Lett.l12B(1982)260 
ISR, Nuo.Cim.65A( 1981)421 
All ISR are scaled with 

centra1ity:O--83.4% 

L L  

4.5 
p, [GeVic] 

2004 RBRC Review Committee Meeting, Tsuguchika TABARU 
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Summary 
0 Single electron is measured in Au+Au collisions at 

sqrt(s)=62.4 GeV by PHENIX detector. 
The electron spectrum from heavy quark is 
consistent with p-p data measured at the ISR, which 

is found. 
W 0 

means no significant difference from <Ncoll> scaling 

The large simulation calculation for Rsim is done by RIKEN CCJ and RIKEN 
RSCC machines. 

, 

2004/10/25 2004 RBRC Review Committee Meeting, Tsuguchika TABARU 12 



PHENIX Spin Physics Run-4 and Beyond 

Abhay Deshpande 
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Abhay Deshpande 
SUNY-Stony Brook & RBRC 

November 16,2004 
RBRC Review at BNL 



RHIC Run-4 Overview 
--- What did we learn? 

One extra week implied enormous success 

PHENIX Detector in Run-4 
m s l  New result on ALL(ao) with high polarization 

Planning for Run 5 and Beyond 
Physics expectations 

ss- Concerns and issues 

11/16/2004 Abhay Deshpande RBRC Review 1 



Explore new working point 
Pol a riza t ion develop men t 
Study of beam-beam limit on luminosity 
Dates: Through April and May 15th, 2004 

Commissioning of Hydrogen Jet targer 
polarimeter 

Absolute calibration for the pC CNI polarimeter 
Dates: April 26th to May Znd, 2004 

Explore total beam intensity limits due to 
vacuum pressure rise 

Dates: May 15th, 2004 
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4:~ New working point developed 
utinely provided stores with average store 

cmu2 seeu1, average blue luminosities of 5x1 
polarization 45%, and yellow 40% 

High luminosity development 
ith un-polarized source, achieved 1x1 cmm2 sec-l 

e store luminosity with two interaction regions 

Absolute polarization of the proton beam 
the H jet target both at injection and 

at flat top (1 00 GeV) 
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Acrogel 

! I N  %uJh 

1 1 /16/2004 Abhay Deshpa 

Electromagnetic Calorimeter 
Measures photon energy and position 

Acceptance -0.35 < eta < 0.35 
6 sectors PbSc & 2 sectors of PbGl 
Energy resolution: 

(Pg w) 

c PbSc (8.1%)ISqrt(E GeV) + 2.1% 
PbGl (59%)/Sqrt(E GeV) + 0.8% 

e PbSc: 57mrn/Sqrt(E GeV) + 1.6mm 
PbGI: 8.4mm/Sqrt(E GeV) + 0.2mm 

Position resolution : 

Beam-Beam Counter (BBC) 
Used for relative luminosity 
measurement (limit) 
Acceptance: 3.0 4 eta < 3.9 

Relative luminosity device 
Angular acceptance: +I- 2 mrad 

Zero Degree Calorimeter (ZDC) 
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Data taken in 4 days of May 2004 
55 bunches in each RHlC ring 
Longitudinal polarization at PHENIX for all four 
days 
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Calculate asymmetry for ( I+ ) and (BG2) 
independently 

A ou - Ot 1 N u - R N t  - - ALL = - 
o*+o+-- P*P Nu+RN+- 

Fit pi0 peak to estimate fluctuations in pi0 

Subtract ALL(BG2) from ALL( I+ ) and get 
). ( W B G =  1 - 

) = wx* - A L L (  ") + WBG 

/Two photon invariant mass1 

f 

Blue : BG2 region 

20000 

15000 

10000~ 

I 1-2 
I 2-3 

3-4 
4-5 

R = -  L u  
Lt- 

W K O )  

T" stat. (wgG) 
1151k (31%) 
510k (13%) 
91k ( 7%) 
17k ( 5%) 
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Data from Run-3 and 
Run4 consistent: 

Ch21DF = 5.7/4 
0.051 

t 
-OJ! Scaling error of 4 5 %  

1 is not included. 

0 1 2 3 4 5 6 
I I I I I I I I I I I I I I l I I I 1 I l l l l l l l l l l l l  

pr (GeVk) 

Figure of merit of 
Run3 and Run4 are: 
1 . I7  and I .92, 
respectively 

Uncertainties in 
Run4 smaller in 
spite of the much 
shorter run time 
and number of 
events 



3 1 ICO ALL from pp at *200 GeV 

- 1 a 0.1: 

0.051 
.. t 

=0=1i Scaling error of -65% 
1 is not included. 

1 1 1 1 1 1 1 1 1 1 1  l l l l l l l l l l l l I 1 l l l l 1 l  

0 1 2 3 4 5 6  
pt (GeWc) 

G RSV-s td: 

Ag(x)dx  = 8.7 at Q2 == 2.2GeV' 

GRVS-max 

@ Data prefers the GRSV-std 
curve (and hence the gluon 
distribution and its first 
moment) 
-- B. DeJager et al. Phys. Rev. 

D67,0504005 (2003) 
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cryo-weeks 
Cold snake in AGS to be inst 
commissioned but not exps 

Expected polarization 45-5 
Luminosity 2.7 pb-I per we:-:;. vA8ivered for -10 weeks 
Conservative I pb-I W P W W ~  *o take by PHENIX 

pr (GeWc) pr (GeVIc) 
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Run-3 prompt photon 

eV qg interaction 
tes over gg 

independent analyses 
! 
I .  
. >  

: ,  0 Subtraction 

4 6 8 1Q 12 14 16 18 

(K. Okada) 

Photon isolation 

Well described by the pQCD 
calculation W. Vogelsang et 
al with NLO calculation 

With I00 pb-I data an 50-70% 
beam polarization in Run-617, 
high promise to explore the 
polarized gluon distribution 
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PHENIX Spin program has begu 
measurement of double and 
asymmetries in Run-3 and 4 
Long and smooth runs with 
and luminosity are crucir! t: 
promise of RHIC Spin 

ti? Test of Sqrt(s)=fiOO G??Y kzssential for the 
success of RHIC 3 
to AG at low x: 

+/= program and access 

Early feasibil%&= h :t highly desirable 
Timely supiAmi 2nd funding for the two most 
important Pt WWX Spin related upgrades (Silicon 

nose cone calorimeter) is crucial 
Tracker and Forward Upgrades: muon trigger and 
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The New Siberian Snake in the AGS 

Masahiro Okamura 

497 



The new Siberian Snake 
in the AGS 

’.* Construction of the 
Snake 

co 
RC Review 
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1.3 I 

0.8 

-r I 

go04 -0.016 (expected 0.974), average pol.48.7 f0.5% a. t 0.5 1 

0 

0.1 
o.2 1 
0.0 ' I 1 I I I I 1 

1.3 

1.2 

1.1 

1 .o 
0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

' 0.2 

0.1 

' 0.0 
5280 5290 5300 5310 5320 5330 5340 5350 

RHIC fill number 
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Polarimetry and Physics of pC and pp Elastic Scattering 

Osamu Jinnouchi 
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pC Detector setup + DAQ 1 P, Shaped Si Signal . 1, 

Thin dead layer for low energy 
carbon spectroscopy 

2mm pitch 12 strips 

I Wave Form Digitizer (WFD) I 
20M events I20sec 
- Pulse Height - Bunch ID 

- Integral (Q) 
I 

I 8 -TOF 
m r  

Select carbons at on-board LUT 
Scaler data 
Asymmetry calculation 
Online results (to experiments) 
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Polarization measurements during RHIC fill 1 

5 
E *r 

E 0.008 

Io.o(Ni 
E 

L 
Online Results 

24GeV + 100GeV 
r 1 /  

t 4 Q t t + 4 

>r 0.01 - 

I /  5 
E 0.008 
E 
t 0.om 

- 

24GeV + 100GeV 

9 I 8 t t % 

3 
E 0.004 

0.002 
6 

bl 0 

6.002 

h) 
W 

Q 1 2 3 4 6 7 

l#wrs 15M events /points 

90 deg Physics 45 deg Physics 

1 1 /I 612004 Osamu Jinnouchi - RBRC Review 7 



and fit resut€ 1 
0.05 - 

- 

P,=lower, -f higher 

-0.u1 L" H 

r: Calibrate with PB known from Jet 
P, = 0.386 * 0.030 

r Fit with hadronic spin flip model 

t I 

(Kopeliovich -Tmemann model 
PRI>64 (01) 034004 
hep-pM03 0508 5 )  

Small systematic errors 
S ig n if i ca n t had ron ic s p i n-f I i p 
contributions 

11/16/2004 Osamu Jinnouchi - RBRC Review 8 
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correlation #. ToF vs Emc 
'kin- - % lYIR(dist/ToF)' 

Ln 
N m 

CNI peak AN 
1 < E < 2 MeV prompt events calibration 

a source 
- -  and beam-gas 

3' "E !E 

not corrected for the 

1 1/16/2004 Osamu Jinnouchi - RBRC Review 
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0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 
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I A, for p?p -+ pp at 100 GeV 

a 

0.05 

bl N 4 O*03E- 

0.01 o-o*i 

@this expt. I 
rn E7040FNAq 

no hadronic fit with: N x j c  
spin-flip 

NI 

1\c : “normalization factor” 
1\c= 0.98 -t- 0.03 
x2 - 5 / 7 d.0.f. 

statistical errors 

no need for a hadronic spin-flip contribution to describe the data points 
~ W ~ V ~ ~ ,  s nsitivity on q95 lnad in this t range is low 
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asymmetries & Results 

no background corrections 
no dead layer corrections 
no systematic studies 
no false asymmetries studies 
no run selection 

averageover s 

cn 
h) 
01 

run number 

( ’beam ) = 3 7 % - + 2 %  
C CNI) } = 38 % € ~ ~ ~ ~ , ~  

( ’beam @ 
- : P  be^^ - - ~ ~ ~ ~ ~ ~  

I 

- - -  

I 1 /I 6/2004 Osamu Jinnouchi - RBRC Review 12 



Run-04 commissioning was successfully carried out 
Absolute calibration on pC analyzing power 
Absolute polarization measurement by pp alone 
Measurements on AN had significant improvements from former 
experiments 

PP + PP 

IF' 
-t (GeVk) 

I O d  10-2 

- --- - 

--- -_________  - - - - z  - - -  

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 I 
-t (GeViC 

I 
05 
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Transverse Spin Physics at RHIC: Present and Future 

Matthias Grosse Perdekamp 
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Transverse Spin Physics a 
Matthlas Crosse Perdekamp, RB 

Introduction 

The Sivers Effect 
W 
W Transversity and Collins Fragmentation 

Spin Dependent Fragmentation Functions at Belle 

Transverse Spin Physics at RHIC 

Summary 

RBRC Review Transverse Spin Physics BNL, November 16* and 17* 2004 
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I 

Activities in the U ~ U ~ ~ R B R C  Group 1 
i 

PHENIX 

eta analysis, transverse spin, preparations for 
run 2005 pp analysis. 

muon trigger upgrade including R&D on RPCs 
(RLT) at UlUC + we are preparing a NSF 
Major Research Initiative (MRI) grant 
application for January 2005. 

2 faculty, 3 postdocs and one graduate 
Ir student t funded through NSF base grant 

to the Nuclear Physics Laboratory (NPL) at 
UIUC 

_ .  - "  
with Akio Ogawa (BNURBRC), and formerly Kazumi 
Hasuko (RIKEN/RBRC) + Soeren Lange (U of FrankfurtlRBRC) 

Belle (through RBRC) 

Collins fragmentation function measurement. 

Precision measurement of fragmentation 
functions as input to NLO pQCD analysis 
(AG extraction!) of PHENIX data on A,, 
in inclusive hadron production. 

MC mass production for Belle 

Successfully completed silicon trigger work 

Total NPL group at UIUC: 6 faculty, 2 research 
faculty, 7 postdocs, 16 graduate students, 
3 technicians: (PHENIX, Hermes, 
u-Cap, ar-Lan, new g-2, neutron EDM) 

I 
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Nucleon Structure 

Proton 

What is the origin of :,.,--- 
the Proton Spin? 

S 

q(x, Q 2 )  = quark helicity average 
(well known) 

A@, Q 2 )  = quark helicity difference 
1\ (moderately well known) 

/ G(x, Q 2 )  = Gluon Distribution 
(moderately well known) 

+AG(x, Q2) = Gluon Polarization 
(unknown) 

RBRC Review Transverse Spin Physics BNL, November 16* and 17th 2004 
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I 

i 
!.. . . , 

! 
! 
E 

. ,  :..... " 

h 

Measure H t  in e'e- using b - factory data Belle 

Measure & e & &  BRAHMS 
in polarized pp: AN, A,, ATT PHENrn 

&*H;L STAR 

..... ,.. ,- _,". . .. _ "  _._ . - . .... " ....., . ...... .. . , .. ._ , _. , ._ " ,. . ... -. ... ... ... . . . . . .. . . .... . . .. , .. ..... ... .. . ........ . .... . ... . - . ..... .- . .- .. ., 

. .  

How to Measure Tr~nsversity? 
Polarized ppf e*e-, SlDlS: Global Analysis 

I 

I1 
ul w m 

I11 

I 

RBRC Review Transverse Spin Physics BNL, November 16* and 17* 2004 
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What is the Sivers 

Sivers Effect: k, distribution of quarks depends on 
the transverse proton spin direction. 

Sivers function: fi 
D. Sivers 1990 

J. Collins, 1993 
Brodsky, Hwang and Schmidt 2002: Sivers function can arise from interference with diagrams with 

: Sivers function is forbidden by symmetry properties (T-odd) 

soft final state gluon exchange. 

C Review Transverse Spin Physics BNL, November 16* and 17th 2004 
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wl 
W 
W 

he 
Sivers effect is an interference 
with a final state interaction o f  
quark with spectator system. 

cunent 

11 xm1 
-4- 

proton 

(Int . J .Mod .Phys .A1 8: 1 327- 1 334,2003) 
M. Burkardt 

I (Nucl.Phys. A735 (2004) 185-199) 

r Can be understood as 
t- 

final state. 

Y* 

Sivers effect generates single spin 
asymmetries scattered off transversely 
polarized target. 

RBRC Review Transverse Spin Physics BNL, November 16* and 17* 2004 
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. ~ . .. . . .. . .. ... . .. . .. .. _. ..... . ,._ . ... . .. .. . . . ..,~. . .~ .. .. .. .... ^ 

%, 

. .. . , - . .. . . .. . ... . . ... . . .... . .. ....I . . . . ....... ....... .. . 

. .  

I 
Tra n sve rsi ty Quark ~js~ributions 

Forward Scattering Amplitude 

te 5 Final state 

I 

proton, Hi 

h: quark helicity 
H: proton helicity 

proton, H, 

In initial and 
final state 

Hi hi Hf h f 
1 - 
2 

1 - 
2 

1 I 1  

1 
' 2  

1 
2 Helicity is 
- 

conserved 1 '  1 - I- + -  w -  

2 2 2 2 
a q( X, Q2) , Q2) helicity average 

&(x, Q2), g,  (x, Q2) helicity differencc 

* &(x, Q 2 )  transversity quark 
I distributions 

RBRC Review Transverse Spin Physics BNL, November 16* and 17* 2004 
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Transversity in the Quark P del 

quark 
distrb. 

helicity 
amplitudes 

s t ru ct u re 
functions: 

1 a g,(x) = - x e 2 A q i ( X )  (long.pol.) 
Aq(x)  a (- 1 1  - -+ -! !-)-(- 1 1  -- -+ !i -L) 

i=u,d,s 2 2  2 2  2 2  2 2  VI 
.P 
P 

1 
2 2  

(+; -; -+ -- +!-) 
( H , h )  + (-HI,-h') 

I 1 

I i=u,d,s Heticity flip! I 

Probability to probe a quark of flavor i and 
momentum fraction x that contributes to 
the spin of a transversely polarized proton 

d i l i ( X , Q 2 )  = q ' ( X , Q 2 ) - q r ' ( X 7 Q 2 )  { 
DrOtOtl 



i I The Collins Fra~menta~io~ functio 
- "  

Nucl. Phys. B396, 161(1993) 

A = q  
T f  

quark which has absorbed 
the hard probe and fragments 
into a pion. The quark carries 

I 
Collins effect: the transverse spin of a 
fragmenting quark is reflected in the 
azimuthal distribution of final state pions. 

z = E h / E q  
@ = angle between S and kT around quark-jet axis I + analyzer for the transverse quark spin 

distributions in the nucleon! 

RBRC Review Transverse Spin Physics BNL, November 16* and 17* 2004 
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Collins Fragmenta~i~~ at Belle: 
Event Structure 

"- 

Near- side Hemisphere: 
hi i=l,N, with zi 

Far-side: 
hj, j=l,N, 

/e- GeV 

/ 
e+ 3.5 GeV 

\? 
Jet axis: T h s t  

with zj 

Correlation Analysis: Collins Interference Fragmentation 
I i 

z. vs z. 
I J 

RBRC Review Transverse Spin Physics BNL, November 16* and 17th 2004 



Collins Fragmentation Function i 
Ar imu 

o -t- e- + E'j,tln-j,tnX 

Reaction plane defined with i 
beam (z-axis) and jet axis 
Hadron plane defined with IT and 
jet axis on each side: 

+i + angle between the planes 
1 1 

1 

0 

RBRC Review Transverse Spin Physics BNL, November 16h and 17th 2004 
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( 

. . . . .. . ...... ....... . , , .. .. . ..... .... .., . . . . . . . " , ., . . . . . . . . .. .... . ... . . ... ....... . . . ... " . . .. . . .. . . . . . . c .  ., 

Raw charged pion Fragmentation (no corrections!) 
scanning about 0.3% of total sample "World Data" for charged hadrons 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

+Belle FFs consistent with LEP 

iot4 
1013 
10l2 
10" 
1o1O 
3 io9 
; lo8 
g 10' 

6 lo6 
2- 4 105 

io4 
103 

h 

N 

a 

100 
10 

1 
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The Transverse Spin Physics at RHlC 
(A) Physics Channels for Low Luminosity (200512006) 

JLdt = 1 - 10 pb-',& = 200 GeV 

(I) Measure A, : AN(ppI + h + X )  

STAR Phys. Rev. Lett. 92:171801,2004 

cn c. 
-4 

Initial state twist-3 
Final state twist-3 

paration of intrinsic transverse 

( 1  I) Boer and Vogelsang (hep-ph/O312320): 
azimuthal back to back correlation 
between hadrons in opposite hemisphere 
jets: 

Clean channel for Sivers effect! 

RBRC Review Transverse Spin Physics BNL, November 16* and 17*. 2004 
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PHENIX AN(n0) and AN(TTO) at lq1'8.35 
C. Aidala, DIS 2004, to be published 

h 
m 

STAR AN(r0) at 3.4eqe4.0 
Phys. Rev. Lett.923 77807,2004 

m c 
.I 5 0.2 

s 
az 

u) 
u) 

0.a 

-0.2 

a n'mesons I I 
0 Totalenergy 

- Collins 
4 Sivers 

--- Initial state twist-3 
- - Final state twist-3 

@$= 1.0 1.1 1.3 1.5 1.8 2.1 2.4 OeVic 
1 1 * . 1 . , . 1 . . .  

0.2 0.4 0.6 0.8 

o Our ability to distinguish between 
o First spin results from RHIC + AN sizeable in forward X, 
3 A, compatible with 0 at q-0 

(as expected from pQCD) 

possible sources of the observed 
asymmetry is limited by statistics. 
Run 2005 with P=0.5 and lLdt 
3.0pb-1 will reduce improve errors 



Transvers 

(B) Physics Channels for high Luminostiy 

gLdt = 30 - 100 pb-' ,& = 200 GeV 

0 Collins Effect in Jets : 
AJppI + n + J e t + X )  

J.C. Collins, Nucl. Phys. 6396, 161(1993) 

0 x+, x- InterferenceFragmentaCon : 

&,P -+@+,n-)+x) 
J. Collins, S. Heppelmann, G. Ladinsky, 
Nucl.Phys. B420 (1 994)565 

R. Jaffe, X.Jin, J. Tang Phys. Rev. D57 (1999)5920 

I I 1  
p 0.08 1 Statistical sensitivity for AT with 32pb-1 

0.06 . 

0 Lambda Fragmentation : 

AT(PPI + A + m  
M. Anselmino 

Drell Yan: A,(p,p,  + 11) # &. @ 
J.Ralston and D.E. Soper, Nucl. Phys. B152, 109(1979) 

0 Inclusive jet production 

5*10-4 I An <3*10-3 

Brahms AN measurements from 2004 
and 2005 polarized proton runs! 

e Brief PHENIX and STAR runs on AN and back-to-back 
correlations as I Ldt/week>l pb-'/week (2005/2006?) 

RBRC Review Transverse Spin Physics BNL, November 16& and 17th 2004 
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First evidence from- HERMES that Transversity and 
Sivers functions may be different from zero. 

I nt n urn rule r, Leader and rueman 
bl bl Exciting connections to orbital angular momentum 
O and quark dynamics in the nucleon. 

plore transv 
ivers si 

All experimental tools required are in place in STAR, 
PHENIX and BRAHMS. 

RC Review Transverse Spin Physics BNL, November 16* and 17* 2004 
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CCJ Status - The Computer Facility at RIKEN 

Yasushi Watanabe 
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Y. Watanabe, T. Ichihara, S. Yokkaichi, A. Kiyomichi, 
0. Jinnouchi, H. En'yo, Y.Goto , H. Hamagaki(l) 

RIKEN, RBRC, CNS(l) 

Presented on November 16,17 2004 at RBRC Review at BNL 



RIKEN CCJ : Overview 
+ 

- Center for the analysis of 
- Principal site of computing for PHENIX simulation 

IC Spin Physics 

- PHENIX CC-J is aiming at covering most of the simulation tasks of the 
whole PHENIX experiments 

1 Asia computing center 
E +  
.P 

tiper Combbed Cluster (RSCC) 
- No. 7 in the Top 500 Supercomputer (8.728 TFLOPS) 

I CPU performance : 508 Pentium IIII4 CPU (Total: 1,111 GHz) 
0 It is 3 times much CPU power than last year. 

Disk Storage : 38 TB 
I Tape Storage: -600 TB ( = 3,000 tapes, expandable to 1.2 PB) 

0 Maximum transfer rate: 240 MB/s (30 MB/s/drive x 8 tape drives) 



CCJ growing history 

1200 

Dec-98 Jun-99 Dec-99 Jun-00 Dec-00 Jun-01 Dec-01 Jun-02 Dec-02 Jun-03 Dec-03 Jun-04 Dec-04 
~ ~ - - - - __ - - - ___ - - -__ __ _- - - - - __ - - _.__ - -  

Feb-99 Dec-99 May-00 Nov-00 May-0 1 Oc t -0 1 Feb-02 Mar-03 Mar-04 Oc t-04 
CPU ( u n i t )  16 64 96 160 192 224 332 332 520 508 

Disk (0.1 TB) 3 19 35 92 152 212 252 332 332 380 
HPSS (TB) 100 100 100 100 100 100 350 600 600 600 

CPU (GHz) 8 34 56 136 168 200 373 373 1122 1111 



j i  

System upgrade since Nov. 2003 

cn cn m 

t 3  CPU farms . 332 CPUs -> 508 CPUs, Total 1,111 GHz . Add 256 powerful (3 GHz) CPUs, but remove 80 old CPUs . Old CPU farms are decaying because it is not cost effective to maintain them. 

. Fiber channel Raid 33 TB -> 38 TB 
Disk storage 

Tape storage 
Add 8 TB, but remove old 3 TB disk 

. Tape drive: 9940B x 6 -> x 8 = 240 MB/s (30MB/s x 8) 
I Data Servers . Trying to less expensive RAID and Servers 

LINUX server + FC-RAID, LINUX server + IDE-RAID, Mac server + AppleRAID 

(y Data Duplication Facility at RCF 
Buffer disk 850 GB -> 1.7 TB 



Current configuration of CCJ 
C C J  Area 

252 CPU 
t o t a l  335 GHz 
32 Pentium IU (700 MHz)+ 
9 6  Pentium In (850 MHz)+  
96 Pentium IU (1000 MHz)+ 
72 Pentium 111 (1400 MHz) t  
36 Pentium 1V (2000 MHz) 

5 1 2 M B  MemoryiCPU 

RSCC 

'Vector CPU i (SX-7/32) i ; 

: CPU: 32 
' Mem: 256 GB !?@ 283 GFlops i j 

Area 

EpFiE-I total 776 GHz 

i 

RSCC CPU Farms 
Total 6,206 GHz 
= 12.4 TFlops(p0ak) 
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00 

I 

(T Byte) Growth of data s t a d i n  the CCJ-HPSS 

+Simubtsd 

Pnalysbr 

-e 1 I BaGkup 

--e kchw 

+Phi 

--Belb-lhalysh 

-" Default-cos 
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D-.tWay---T-l Way 
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Analysis for the PHENIX experiment with CCJ 

Official productions and simulations 
Precision Measurements of Fragmentation Functions at the Belle 

a Major analysis projects 

I 

bl 
bl a 

Simulation Study for Muon Trigger Upgrade - K. Aoki 
Single muon A - LL analysis using Run-3 data - H. Sat0 
3rd scan of pi0 anisotropy analysis - M. Kaneta 
Anti-Pentaquark search from PHENIX run2 Au+Au data - M. Kaneta 
Data transfer run4 62.4GeV Au+Au nanoDST's to CCJ - M. Kaneta 
Test of run4pp production - Y.Goto 
Single electron simulation for d-Au at sqrt(s_NN)=200GeV - T.Tabaru 
Simulation study for the measurement of the neutral hadrons in Au-Au 
collisions at RHIC-PHENIX - T. lsobe 
Analysis of Jet Production A - LL - K. Nakano 
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PHENIX Muon Trigger Upgrade 

Wei Xie 

561 



0
 

3
 

n
 

3 

3
 

a, 

0
 

IY 
m

 

>
 
0
 

Z
 

563 



m" 
m

 
Q

) 
0
 

0
 

k
 
a
 

II -i- 

>(" 

*a A
 

A
 

h
 

E
 

Q> 

f h
 

d 

564 

u3 I ti 

I II 
n

 

B J Ti 
E

 

22 n 

('II 

w
 

L
 



Need an Upgraded Single Muon Trigger 
When bandwidth of data acquisition system is limited, a trigger is 

needed to select only interesting to record. The rejection factor is 
calculated as following: Collision Rate 

Trigger Rate 
rejection factor = 

? where trigger rate is the event rate that passed trigger selection. 

*expected collision rates in the future 5OOGeV run is 12MHz,. 
cn m .Simulated rejection factor for single muon trigger at sqrt(5OO)GeV, 

Le. perfect shielding is -500, i.e. 24KWz 
*Rejection factor from RUN3 p-p data for single muon trigger is 

VI 

0 w/o shielding Le. -5OKHz 
0PHENIX bandwidth: 12KHz(or 24KHz with additional $2M) 

W sample is about lo4 for the 800pb-' luminosity. (can't be pre- 

ditional rejection of 20-50 depending on the beam background 

Nov. 2004 RBRC Scientific Program Review 3 
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Trackin trigger: LUT between PCI/PC2/Symset 

6($) deg 
eff 

VI m 
4 

~ 0 . 7  < I  <2 <3 <Inf 

74% 79% 84% 85% 85% 

I pc1tt:symset I 
35 

20 40 80 100 120 I40 
symset ID 
8 16 

io 

Certain region of PC 1, PC2 and 
MuID road are strongly correlated 
for single muon and this is studied 
through PISA. Left-hand plot shows 
only tile size: PC 1/1 Ocm, PC2/3Ocm 
and PC 1 in fiont of station # l .  

Angle cut is applied between hits in 
PC1 andPC2. 

(1). PC1 is in front of station #l.  Tile size PCl(lOcm), PC2(30cm). Perfect resolution 

I rej I 36000 I 19980 I I0090 I 5876 I 1290 I 
Full PISA simulation including trigger processors 

A suffkiently high rejection factor can be achieved. 

Nov. 2004 RBRC Scientific Program Review 5 



I 

Rej 
Eff 

rac 

str<=l str<=2 str<=3 

23700 I I0900 71 80 

66% 66% 66% 

L *  

IDLLl 
sagitta 1 

M s r  
Station1 ll 

U MuTr 
Station2 MuTr A birds eye view Station3 

~y~ '' Full PISA simulation including trigger processors 

Nov. 2004 RBRC Scientific Program Review 6 



Possible Configuration 
Add two new trigger chambers 

One between MuTr##l and nosecone, the other after MuID gap5 

Help Muon pattern Recognition. 

Muon station #I -t- one new trigger chamber after MuID gap5 

weed to change FEE to add trigger output. 

Downstream hybrid trigger, Le. smaller pad chamber+Outer area MuID 

cn m at R>140cm, uID have angler resolution 
\o 

better then 1 degree and can be used for angle cut. 

Depends on background. If it’s smaller enough, we can build a small 
RPC(3OOcmX3OOcm) in the tunnel. Otherwise need time information to 
rejection BG fiom one direction and have to rely on a 1 OOOcmX 1 OOOcm pad 
chamber. 

rebuilt MuTr electronics and create MuTr LL1 

depends on beam related background 
Nov. 2004 RBRC Scientific Program Review 7 



.The favorable choice of pad chamber technology is the Resistive-plate- 
chamber (i.e. C). The immediate application with RPC is the relative 
luminosity monitor. 

.UIUC has setup a RPC test bench. Test different RPCs in 2004 and build 
RLT in 2005. 

Measurement of background in central and forward region using scintilliator 

Plan to install a RPC prototype in IR during RUN5 p-p run to test the RPC 
sensitivity to neutrons and also have a more complete background 
measurement in forward region. Test will be done by UIUC, RBRC and PKU 
(Yajun Mao). 

” ul has been successfully done by RBRC and UIUC. 
4 
0 

R&D on fast readout FEE is ongoing at Kyoto University. 

have built a test MuTr#l chamber with the help of UMN 

plan to have the final design in 2005 and mass production in 2006. 
Nov. 2004 RBRC Scientific Program Review 8 



Nov. 2004 

Brookhaven National Laboratory: 
Edward Kistenev, Peter Kroon, Mike Tannenbaum, Craig Woody 

University of Colorado 
Frank Ellinghaus, Ed Kinney, Jamie Nagle, Joseph Seele, Matt Wysocki 

University of California at Riverside 
Ken Barish, Stefan Bathe, Tim Hester, Xinhua Li, Astrid Morreale, Richard Seto, Alexander Solin 

University of Illinois at Urbana Champaign 
Mickey Chiu, Matthias Grosse Perdekamp, Hiro Hiejima, Alexander Linden-Levy, Cody McCain, 

Jen-Chieh Peng, Joshua Rubin, Ralf Seidel 
Iowa State University 

John Lajoie, John Hill, Gary Sleege 
Kyoto University 

Kazuya Aoki, Ken-ichi Imai, Naohito Saito, Kohei Shoji 
MQSCOW State University* 

Mikhail Merkin, Alexander Varmin 
Nevis Laboratory 

Cheng Yi Chi 
University of New Mexico 

Doug Fields 
RIKEN 

Atsushi Taketani 
RBRC 

Gerry Bunce, Wei Xie 
University of Tennesee 

Vasily Dzhordzhadze, Ken Read 

Andrea Vacchi, Mirko Boboesio, Gianluigi Sampa 
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Silicon Vertex Tracker (VTX) Work 

Junkichi Asai 
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Silicon Vertex Tracker (VTX) 
Work 

2004/11/16,17 
Junkichi Asai (RBRC) 
(Kieran Boyle (SBU)) 



Contents 

1 . Silicon Vertex Tracker (VTX) 
2. QA of stripixel sensor 

- IV (Leakage current-Voltage) and 

- Semi-automatic probe station 
- Result 

3. Summary 

CV (capacitance-Voltage) measurement 

- Schedule 
2 



Silicon Vertex 
Tracker (VTX) 1 

0.8 
0.6 

Jet axis measurement and 0.4 
isolation cut by charged 
particle detection with wider 

0.2 

cn m acceptance. 
-0.2 

silicon upgraded X 
I I I I 1 1 1 1  

1 xAG(x,4 GeV'), N 4 0  
(A) - . . . . 

I I I I11111 I I I I IIlIl I I I I I I  

1 0.001 0.01 0.1 
X 

Displaced vertex measurement for 
heavy flavor tagging, we can know 
the details of collision point and the 
gap between decay and collision 
point (DCA). 
Then we can separate D and B 

I 0 200 400 600 800 1000 
DCA = Distance of Closest Approach ('m) meson. 

3 



v1 
21 
21 

Pixel detector I Strip detector 

Pixel 

Strip 

LI U 

R x z (cm2) (256 X 32 pixels) (384 x 2 strips) 

80 pm x 3 cm 
(effective 80 x 1000 um2) 

50 x 425 pm2 Channel size 

Sensorslladder 2 x 8  5 6 

Ladders 10 I 20 18 26 

Sensors 160 320 90 1 56 

- Readout chips 160 320 1080 1872 

I Readoutchannels I 1,310,720 I 2,621,440 I 138,240 I 239,616 
I I 

Radiation Sensor 0.2% 0.5 % 

Readout 0.16% 0.8 % 
length 
(WXO) 

Bus 0.14% 

Ladder & cooling 0.7% 0.7 % 

Total 1.2% 2.0 % I I 



Setup for IV (leakage current-Voltage) 
CV (Capacitance-Voltage) measurement 

Measured Grounded 
Needle to Needle to 
sensor pad m e  

I 

Bias Voltage 

Because the pad size is so small, 
the probe needle iscontacted to 
the pad of the wafer by eye 
through a microscope. 

Manual Probe station in the Instrumentation 
Division at BNL. 

5 



Result : IV/CV measurements 
sm96 

lo1 1 I I 

t 1 
1 o-2 I bl 

4 
\D 

t I I 

10.’ 1 on 1 o1 1 o2 1 o3 
Voltage (V) 

G n 
Y 

IO1 I I I I 

Io-’ 1 on 1 o1 1 o2 I o3 
Voltage 01) 

We check the IV/CV at 
depletion voltage. This is a 
typical result. 

Depletion voltage : -8OV. 

We found leakage current 
in the range of 100’s nA 
and capacitance in the 10s 
of pF range. 

400um strip sensor 

6 



Why Semi-Automatic Probe station? 

With the present manual probe station, measuring one entire 
wafer (200 measurements on 64 strips out of a total 3072 strips) 
takes - 2 weeks. 
To speed up, We use the Semi-Automatic Probe Station 

Ln 
00 
0 

. 

7 
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Strip Sensor 

/ 
or : Single sided 2 dimens 

iode : p+/n/n+ structure 
tripixel : 2 x 30 x 384 pixels 

Readout : 2 X 384 x-strips, 2 X 

ional position 

384 u-strips 

- 
sensiti V ,ity 

Thickness : 400um (0.43%XO) 10 
Pixel : p+ line = 5um, Line gap = 3um, Turn = 5 turn 





Measurement time 
Detailed measurement as on the previous slide 
(vendor choice), presently, takes 6 hours per contact 
of the probe card, with a minimum of 12 contacts per 
sensor, giving (minimum) 72 working hours per 
sensor. 
- We are discussing ways to shorten this time. 

Simple QA, presently, it takes 20 min per probe card 
contact, and so (minimum) 4 hours per sensor. For 
the QA measurement, we measure current and 
capacitance for every strip at one set voltage. This 
checks if each strip is alive or dead. 

12 
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Summary 
.Silicon Sensor QA 

IV/CV measurement 
*Automatic Probe Station 

LabView control 
Probe Card 128 needles 
Presently, it takes 4 hours/sensor for QA, 72 hours/sensor for vendor choice measurement 

32 sensors from SINTEF (500um, STD design, 2 type : sintering process difference) 
20 sensors from Hamamatsu (4 type : thickness=(500um, 625um) , design=(STD, New)) 

should be QAed in Dec. 2004 or earlier 

Nov. Wire Bonding Sensor and Readout chip at RIKEN 

.Preproduction Sensor 
bl co 
w 

*QA test 

.S/N measurement 

Nov. Laser test, (Temp. dependence) at RIKEN 
(Measurement radiation damage dependence) 

*Production Sensors 
Dec. final design 
Jan. 2005 start fabrication 400 sensors 
Hopefully end of June, Full production will arrive. 14 



Relative Luminosity Measurement at PHENIX 

David Kawall 
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Complications in Extracting R as Luminosity Increases 

e In Run 4, probability of BBCLLl trigger/crossing 

e Roughly 1 percent of all triggers contained a second p p  collision 

e In Run 5, w 4 percent of all triggers may contain a second p p  collision 

0.02 

At least two complications will result : 

11) Min-bias trigger can only register 1 p p  interaction/crossing 

'2) With multiple p p  interactions we are more likely to  count events which shouldn't pass the 
+- we need to correct for possibility of multiple p p  interactions/crossing 

b l '  
W 
h, vertex cut 

+ If 1 event, RMS of xre,n = RMS of vertex width measured a t  low luminosity 
+ If n events, RMS of xre,on = RMS of vertex width measured a t  low luminosity/& + 

more likely to  pass vertex cut 



Complications in Extracting R as Luminosity Increases 

How can we account for multiple p p  interactions/crossing using the BBCLLl trigger rate? 

0 Let p=average number of p p  interactions/crossing passing vertex cut 

a Let €=probability that one arm of BBC detects the collision 

0 Let 6 = 1 - €=probability one arm misses the collision 

Now extract the fraction of beam crossings yielding a min-bias trigger : 

-P n 00 

P(1+) = ce n; (1 - P ) ( 1  - S n >  
n=O 

+ Accuracy in extracting R = p++/p+- depends on knowledge of 6 (not true for single arm) 
-2 

[r ' 0  
'0 

- 3  
10 

. . . . . . . . . . . . . . . . . . . . . . 
- 4  

10 

-5  
IC 

0: 8 5 0.9 0.95 1 1.05 1.1 1.15 



Possible Approaches to  Determining Relative Luminosity 

e From independent measurements of and vernier scan - can extract e to  5 - 10% 

0 With e, can use BBCLLl scaler data to  extract R 
0 Would need to correct for vertex shape +- use wall current monitor to  get bunch profiles 

e Can compare results to ZDC 

proportiona I to  I u mi nosity and accounts for mu Iti ple i nteractions/crossi ng 

and charge 

0 Use clock trigger - total number of PMTs hit in each BBC arm/number of crossings is 

ul 
e This may saturate - can look a t  total charge in 
0 Would need to  correct for vertex shape 
0 Not very efficient use of DAQ bandwidth 

e Could output total charge in BBC PMTs to GL 

v, 
CI 

BBC PMTs instead 

P scalers or LBL/ST .R/P IENI ( sca ers 

0 Construct new detector with vertexing ability, insensitivity to ALL - Relative Luminosity 

e Concentrate on getting spin flipper commissioned 

Telescope (RLT, Wei Xei) 

0 Try to reconstruct L from wall current monitor measurements of charge and bunch profiles 
l 

e Work on these approaches is in progress 



Search for the Electric Dipole Moment of the Electron in PbO* 

Work in collaboration with David DeMille a t  Yale University. 

0 Non-zero EDM of an electron, de ,  violates P and T symmetries, manifested as linear Stark shift 

0 Current limit ld,l < 1.6 x e.cm comes from G. Commins thallium atomic beam exp. 

0 Experiment 

0 In heavy 

n metastable state of PbO aims to  improve limits by two orders of magnitude 

polar molecule, valence electron feels 
Eint  % 2 3 2  c\! e/ui  20-60 GV/cm (>> lab. fields) 

-+ -+ + 
0 Need to  align Eint  along Eext : PbO* fully polarized along Eext e 

Ll 

a Ll 
15 V/cm (due to  f2-doubling, Pmol = 1 versus Patom 

0 Electron with spin parallel/antiparallel to Eint  shows energy shift de x 
Eint (linear Stark shift) 

+ de e e-cm H 10-30 mHz 

=+ d, e e-cm H 100-300 pHz 

+ Find those shifts ! 

+ d, induced energy shift in PbO* hundreds of times larger than in atoms 
+ Lesson : use heavy polar molecules with unpaired spin 



Search for the Electric Dipole Moment of the Electron in PbO* 

Measurement technique : Quantum beat spectroscopy 

Fluorescence 

Laser : x polarized 

\ xDetector 

d m=-1 m=O m=+l 

0 Achieved shot-noise limited sensitivity 50 
HZ/& 

0 Straightforward improvements should give 100 
rnHz/& 

0 Few weeks of data for factor 100 improvement 
in de 

0 Create a superposition of m=&- 

0 Energy separation + phase differ 
ence j rotation of wavefunction 

0 Quantum beats superimposed o 

levels 

exponential decay 

0 Beat frequency a t  2 x Larmor = en 
ergy separation 

n 2  
[I) 
Y 

RO Quantum Beat Fluorescence Signal .- 
51.9 

.8 

E1.7 

L I  .6 

W - 
m 
I/) 

0 

Q 

.- 

.- - 

.g 1.5 

01.4 

1?1 .3 

z 
+ 
0 

1 3  

Data (0.5 second integration time) 

b i f i n h .  - Fit 

""IO 20 30 40 50 60 70 80 90 100 
Time after excitation (microseconds) 



Search for the Electric Dipole Moment of the Electron in PbO* 

Status of Experiment 

0 P roof-of- pr i n c i p le ex pe r i men t s  essen t ia I I y corn p lete 

0 Construction of apparatus suitable for EDM measurement underway 

0 Realistic t o  expect to  take EDM data within next year 

Systematic studies and result within two years if no surprises 

Current activities : 

0 Electronics for main electrodes and guard rings producing E-field in cell - low noise, high 

0 Magnetic field coils for main field, and correction coils inside magnetic shields 
0 Studies of possible systematic effects 

Other activities : finish analysis of hyperfine splitting and isotope shifts in B(1) state of 
PbO 

B(l)  state is another candidate state for an EDM experiment - shorter lived, but larger 

e Hyperfine structure provides input for ab initio or semi-empirical models of molecular 

0 Will submit paper to  Phys. Rev. A. within few months 

VI 

a -J stability, reversible in ms 

"enhancement" factor 

wavefunctions - needed to  convert dmol to  de 
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Research Associate, High Energy Accelerator Research Organization (KEK), 
April 1997 - March 2003; . 

Senior Research Scientist, RIKEN, April 2003 -July 2003; 
Senior Researcher, RIKEN, August 2003 - present; 
RIKEN Spin Program Researcher, IU3RC-E, November 2003 - present 
Deputy Spokesperson for PHENIX, 2004 - present. 

March 1988 - March 1997; 

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, 1989-1 99 1 
Assistant Professor, U. of Tsukuba, Japan 
Lecturer, U. of Tsukuba, 1993- 1994 
Associate Professor, U. of Tsukuba, 1994-200 1 
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 Japanese 
Junior Scientists, at Physics Department, U. of Tokyo, Japan. 

Junkichi Asai Birthplace: Kyoto, Japan DOB: January 8,1976 
Doctor of Sciences: 2004, University of Tokyo, Japan 
Experience: RIKEN Spin Program Research Associate, RBRC-E, April 2004 - present. 

Steffen A. Bass Birthplace: Frankfurt, Germany DOB: May 17, 1968 
Ph.D. 1997, J. W. Goethe Universitiit Frankfurt, Germany 
Experience: Feodor Lynen Fellow and Research Associate, Duke University, 1998-99 

Visiting Assistant Professor, Michigan State University, 1999 
*RHIC Physics Fellow/Assistant Professor--RBRC/Duke, 
September 1 , 2000 - present 

Awards and Honors: W. E. -Heraeus-Award, W.E.-Heraeus Foundation, Germany, 1993 
Feodor-Lynen Fellow, A. v. Humboldt Foundation, Germany, 1997 
US.  Department of Energy Division of Nuclear Physics Outstanding 
Junior Investigator Award, 2003. 

601 



’ 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 Professor-RBRCAJ. of Connecticut, Storrs, 
January 1,2004 - present. 

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: Mumbai/Bombay, India DOB: March 21,1965 
Ph.D. 1994, Yale University 
Experience: Visiting Scientist, BNL, 1989-1 994 (Member of the BNL-E85 1 Collaboration) 

Visiting Scientist, CERN, 1994-1 999 (Member of the SMC Collaboration) 
Visiting Scientist, DESY, 1998-Present (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. 

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 
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Visiting Scholar at U. of Illinois, Urbana-Champaign. 
Experience: RBRC Young Researcher, RBRC Experimental Group, January 2004 - present. 

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, 1994-1 996 

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 
RIKEN BNL Fellow, January 1999 - August 3 1,2002. 
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 PHENIX, 2004 - present. 

University, 199 1. 

Birthplace: Schwenningen, Germany DOB: December 1, 1963 

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 - present. 

Yoshitaka Hatta Birthplace: Kyoto, Japan DOB: August 5,1976 
Ph.D. 
Experience: 

2004, Kyoto University, Department of Physics 
RBRC Young Researcher, Theory Group, RBRC, 
RIKEN Junior Research Associate (Theory), 2002 - 2004. 
RIKEN Spin Program Research Associate, RBRC Theory, April 1 , 2004 - present. 

Spring 2002 - 2003. 

Tetsufumi Hirano Birthplace: Kanagawa, Japan DOB: September 17,1972 
Pb.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 3 1 , 2004. 

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

Awards and Honors: Research Fellowship of the Japan Society for the Promotion of Science for 
Young Scientists, April 1996-March 1998 and April 1998-March 2001. 
RIKEN Special Postdoctoral Grant, April 2001-2004. 

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

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

Takashi Ichihara Birthplace: Japan DOB: February 22,1958 
Ph.D. 1987, Kyoto University, Japan 
Experience: Research Scientist, RIKEN, Japan, 1987-1 995 

Senior Research Scientist, RIKEN, Japan, 1995-1 998 
Assistant Chief Scientist, RIKEN, Japan, 1998 
Researcher, RBRC Experimental Group, 1998 
RIKEN Spin Program Researcher, November 1999- present 

Takashi Ikeda Birthplace: Saitama, Japan DOB: December 2,1973 
Ph.D. 
Experience: Special Postdoctoral Researcher, RIKEN; 

2002, University of Tokyo, Japan 

RIKEN Spin Program Research Associate, Theory Group, RBRC, 
Spring 2002 - present. 

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. 

Doctor Course, 1994-1997; Andrd Lagarrigue 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. 

Awards and Honors: Japan Society for the Promotion of Science (JSPS), Research Fellowship for 
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Sangyong Jeon Birthplace: Pusan, Korea DOB: March 7,1964 
Ph.D. 1994, University of Washington, Seattle 

Postdoctoral Research, University of Washington, Particle Theory Group, 
February 1995 to June 1995 
Postdoctoral Research, University of Minnesota, Nuclear Theory Group, 
August 1995 to September 1998 
Postdoctoral Research, Lawrence Berkeley National Laboratory, 
Nuclear Science Division, October 1998-December 3 1,2000 
*RHIC Physics Fellow/Assistant Professor--RBRC/McGill, January 200 1 - present 

Baumgartner Fellowship, University of Washington, 1987- 1989 
Weis Prize, University of Washington, 1990; Polish Ministry of National 
Education Award for Outstanding Team Research, 2003. 

Awards and Honors: Tuition Scholarship, Seoul National University, 1983-1 984 

Osamu Jinnouchi Birthplace:Saga, Japan DOB: June 13,1972 
Ph.D. 2001, University of Tokyo 
Experience: Research Fellow of the Japan Society for the Promotion of Science, 

January 1999 to March 200 1 
Contract Researcher of RIKEN, April 200 1-2003. 
Research Associate, RBRC Experimental Group, April 1,2003 - present. 

Masashi Kaneta Birthplace: Hiroshima, Japan DOB: November 5, 1971 
Ph.D. 1999, Hiroshima University, Japan 
Experience: Member of NA44 Experiment at CERN, 1994-present 

Member of Beam-Beam Counter (BBC) Group for PHENIX Experiment, 
1994- 1999; Member of TOF Detector Group in PHENIX Experiment at RHIC, 
1999; Member of STAR Experiment at RHIC, 1999-present; 
Postdoctoral Fellow at KEK, 1999; Postdoctoral Fellow Physicist at 
Lawrence Berkeley National Laboratory, 1999-2002. 
Member of STAR Experiment at RHIC, 1999-2003; 
Research Associate, BNL, RBRC Experimental Group, Nov. 1,2002-present. 

David M. Kawall Birthplace: Glasgow, UK DOB: April 13, 1965 
Ph.D. 1996, Stanford University 
Experience: 

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

Associate Research Scientist, Yale University, Physics Department, 1995-2004. 
RIKEN BNL Fellow, RBRC Experimental Group, June 1,2004 - present. 

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

Stefan A. Kretzer Birthplace: Dortmund, Germany DOB: November 26, 1968 
Ph.D. 1999, University of Dortmund 
Experience: Visiting Research Associate at Michigan State University, 2000-2002 

Research Associate, Brookhaven National Laboratory, October 2002 -present; 
Research Associate, Joint RBRCNuclear Theory Group, BNL, April 2003 present. 

Awards and Honors: Associate of the Graduiertenkolleg: Erzeugung und Zerfalle von 
Elementarteilchen of the Deutsche Forschungsgemeinschafi (DFG) 
Scholarship, 1996-2000. 
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Kazuyoshi Kurita Birthplace: Tokyo, Japan DOB: August 11,1963 
Ph.D. 1992, Columbia University, New York 
Experience: June, 1991 Research Associate, Univ. of Tsukuba 

April 1994 Assistant Prof., Univ. of Tsukuba 
April 1997 Postdoctoral Researcher, RIKEN 
Oct. 1997 Special Postdoctoral Researcher, RIKEN 
RIKEN BNL Fellow, April 2000 - March 3 1,2002; 
Visiting Scientist, Experimental Group, RBRC, with Rikkyo University, Japan, 
April 2002 - March 3 1,2004; Visiting Scientist at RIKEN, March 2004 - present. 

Awards and Honors: Educational Research Award, Tsukuba Gakuto Foundation, July 1992 

Alexander Kusenko Birthplace: Simferopol, Ukraine DOB: March 17,1966 
Ph.D. 1994, State University of New York, Stony Brook 
Experience: Postdoctoral Researcher, University of Pennsylvania; CERN Fellow, Theory 

Division, CERN, Switzerland; Postdoctoral Researcher, UCLA 
.RHIC Physics Fellow/Assistant Professor (2003 Promoted to Associate Professor 
with tenure)--RBRC/UCLA, October 1999 - September 2004. 
BNLlRBRC Research Collaborator, October 1999 - present. 

Awards and Honors: Peter Kahn Fellowship, Sigma Xi Award for Excellence in Research, Sigma 
Xi Society Award, President's Award to a Distinguished Doctoral Candidate 

Ken'ichi Nakano Birthplace: Hiroshima, Japan DOB: May 24,1980 
B.S. 2003, Tokyo Institute of Technology 

Master Course Student, Tokyo Institute of Technology 
, Experience: RBRC Young Researcher, RBRC Experimental Group, July 1,2004 - present. 

Yukio Nemoto Birthplace: Tokyo, Japan DOB: April 27,1971 
Ph.D. 1999, Tokyo Institute of Technology Japan 
Experience: Postdoctoral Fellow, Research Center for Nuclear Physics, Osaka, Japan, 1999-2000 

Postdoctoral Fellow, Yukawa Institute for Theoretical Physics, Kyoto, Japan, 
April 2000 to August 2001 
Research Associate, RIKEN BNL Research Center, September 1,2001 - May 3 1, 
2004. 

Jun-Ichi Noaki Birthplace: Shkuoka, Japan DOB: April 3,1971 
Ph.D. 2001, University of Tsukuba, Ibaraki, Japan 
Experience: Research Fellow, Center for Computational Physics, 

University of Tsukuba, Japan. 
Research Associate, RIKEN BNL Research Center, July 1,2001 - June 30,2004. 

June 30,2001 
Awards and Honors: Fellowship: Japan Society for the Promotion of Science, January 2000 - 

Kensuke Okada Birthplace: Japan DOB: November 20,1970 
Ph.D. 2001, Nagoya University 
Experience: Contract Researcher at RIKEN, Wako, Japan, June 2001 -March 3 1,2002 

Research Associate, RIKEN BNL Research Center (Experiment), 
April 1,2003 - present. 
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Konstantinos N. Orginos Birthplace: Athens, Greece DOB: February 11, 1969 
Ph.D. 1998, Brown University, Providence, RI 
Experience: Research Associate, University of Arizona, Dept. of Physics, 1997-2000 

Research Associate, BNL, RIKEN BNL Research Center, October 2000 to 
August 3 1,2003. 
Visiting Scientist, RBRC Theory Group, with MIT, 
September 15,2003 to March 3 1,2004. 

Awards and Honors: IKY (Greek National Scholarship Foundation) 
Scholarship Award for academic excellence, 1986- 1990 

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 - present; 
RIKEN BNL Fellow, RBRC Theory Group joint with Nuclear Theory 
October 1,2003 - 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 
RIKENABRC Researcher, 1996 April to March 2001 
RIKEN Spin Program Researcher, April 1,2001 - March 3 1,2002; 
Visiting Scientist, Experimental Group, RBRC, with Kyoto University, Japan, 
Spring 2002 - present. 

Awards and Honors: Fellowship: Japan Society for the Promotion of Science, 1993-1 995 

Shoichi Sasaki Birthplace: Tokyo, Japan DOB: May 3 1, 1968 
Ph.D. 1997, Osaka University, Japan 
Experience: Research Fellow of JSPS, Yukawa Inst. Theor. Physics, Kyoto U., Japan, 

April 1997 to August 3 1,1998; 
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 
present. 

JPS Best Paper Award fiom Japan Physical Society, 1999. 
Awards and Honors: Fellowship: Japan Society for the Promotion of Science, 1997-1 998; 
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Thomas M. Schaefer Birthplace: Hanau, Germany DOB: May 18,1965 
Ph.D. 1992, University of Regensburg 
Experience: Postdoctoral Research Associate, State University of New York at Stony Brook 

Postdoctoral Research Associate Institute for Nuclear Theory, University of 
Washington; Member Institute for Advanced Study, Princeton; 

January 2000 - December 3 1,2002. 
*RHIC Physics Fellow/Associate Professor (with Tenure)--RBRClNorth Carolina 
State University January 1,2003 - present. 

Awards and Honors: Member, Studienstiftung des deutschen Volkes; 
Fellowship, German Academic Exchange Service 
Feodor Lynen Fellowship, Alexander v. Humboldt Foundation 
U.S. Department of Energy Division of Nuclear Physics Outstanding Junior 
Investigator Award, 2002. 

RHIC Physics Fellow/Assistant Professor--RBRC/ SUNY, Stony Brook, 

Mikhail Stephanov Birthplace: Moscow, Russia DOB: April 19,1966 
Ph.D. 1994, Oxford University, U.K. 
Experience: Postdoctoral Research Associate, U. of Illinois at Urbana-Champaign 

Postdoctoral Research Associate, ITP, SUNY at Stony Brook 
aRHIC Physics Fellow/Assistant Professor (2003 Promoted to Associate Professor 
with tenure). --RBRC/ University -of 1llinois.at Chicago, October 1, 1999 to 
September 2004; BNL/RBRC Research Collaborator, October 1999 to present. 

Awards and Honors: Soros Scholarship, Overseas Graduate Scholarship from Jesus College, 
Oxford; U.S. Department of Energy Division of Nuclear Physics Outstanding Junior 
Investigator Award, 2001; Alfred P. Sloan Fellowship, 2002. 

Takanori Sugihara Birthplace: Japan DOB: April 29,1969 
Ph.D. 1997, Kyushu University 
Experience: Research Associate, RCNP, Osaka University, May 1997 - March 1999; 

JSPS Postdoctoral Fellow, Nagoya University, April 1999-March 2002 
Research Student, Nagoya University, April 2002 - September 2002; 
RIKEN Spin Program @SP) Research Associate, RIKEN BNL Research Center 
(Theory Group), October 2002 - present. 

Tsuguchika Tabaru Birthplace: Ehime, Japan DOB: July 31,1971 
PLD. 2001, Kyoto University 
Experience: Research Fellow of the Japan Society for the Promotion of Science, 

April 1996 - March 1999; 
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 - 
present. 
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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. 

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. 

Ubirajara L. van Kolck 
Ph.D. 1993, University of Texas, Austin 
Experience: Research Associate, Department of Physics, University of Washington, 

September 1993-February 1996 
Research Assistant Professor, Department of Physics, University of Washington, 
March 1996 to December 1997 
Senior Research Fellow at the California Institute of Technology, 
January 1998 to August 2000. 
*RHIC Physics Fellow/Assistant Professor (2003 Promoted to Associate Professor 
with tenure)--RBRC/University of Arizona, Tucson, September 2000 - August 
2004; BNLRBRC Research Collaborator, September 2000 to present. 

Cientifico e Tecnologico (CNPq), Brazil, 1987-1992. Fellow of the Coordenadoria 
de Aperfeiqoamento de Pessoal de Nivel Superior (CAPES), Brazil, 1985-1987; 
US.  Department of Energy Division of Nuclear Physics Outstanding Junior 
Investigator Award, 2001 ; Alfred P. Sloan Fellowship, 2002. 

Birthplace: Sao Paulo, Brazil DOB: April 2,1963 

Awards and Honors: Fellowships: Fellow of the Conselho Nacional de Desenvolvimento 
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Werner Vogelsang Birthplace: Dortmund, Germany DOB: October 6,1965 
Ph.D. 1993, University of Dortmund, Germany 
Experience: 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 
IUKEN BNL Fellow, April 1,2000 - September 30,2003. 
*RHIC Physics Fellow/Associate Physicist/RBRC/BNL, October 1,2003 to present 

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

I Nov. 1993 - Sept. 1994 

I 

Yasushi Watanabe Birthplace: Tokyo, Japan DOB: February 12,1961 
Ph.D. 
Experience: Scientific Researcher, RIKEN, 1991 

1993, University of Tokyo, Japan 

Research Collaborator, PHENIX/RBRC 
Scientific Researcher, RIKEN, RBRC, 1998-2001 
MKEN Spin Program Researcher, April 1,2001 - present 

Tilo Wettig Birthplace: Germany DOB: December 12,1966 
Ph.D. 1994, State'university of New York, Stony Brook 
Experience: Research Associate, Nuclear Theory Group, STJNY, Stony Brook, 1994; 

Research Associate, Max-Planck-Institute for Nuclear Physics, Heidelberg, 1995- 
1996; 
Research Associate, Institute for Theoretical Physics, Technical University of 
Munich; External Scientific Associate, Max-Planck-Institute for Nuclear Physics, 
Heidelberg, 1997- 1999; 

-RHIC Physics Fellow/Assistant Professor (2003 Promoted to Associate Professor at 
Yale)--RBRC/ Yale University, October 1999 - September 2004; 
BNL/RBRC Research Collaborator, October 1999 - present. 

Awards and Honors: 1 st Prize, National Physics Olympiad, East Germany 
Scholar of the "Studienstiftung des deutschen Volkes" 
Heisenberg Fellowship of the German National Science Foundation 

Wei Xie 
Ph.D. 1997, Institute of High Energy Physics, Beijing, P.R. China 
Experience: Postdoctoral Fellow at Department of Particle Physics, Weizmann Institute of 

Science, Israel, CERESlNA45 Experiment at CERN, PHENIX at BNL, October 

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

P.R. China, 1988; Feinberg Fellowship at Weizmann Institute of Science in Israel, 

Birthplace: Hei Meng Gu, P.R. China DOB: April 5,1970 

1997 - March 2000. 

Awards and Honors: Guan Hua Fellowship for outstanding students at Shandong University, 

1998-2000; 
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Norikazu Yamada Birthplace: Japan DOB: November 6, 1972 
Ph.D. 2000, Hiroshima University 
Experience: JSPS Postdoctoral Fellow, High Energy Accelerator Research Organization, KEK, 

April 2000 to December 2002. 
Research Associate, RIKEN BNL Research Center, Theory Group, 
December 2002 - October 3 1,2004. 

Awards and Honors: Fellowship: Japan Society for the Promotion of Science, 2000-2002. 

Takeshi Yamazaki Birthplace: Chiba, Japan DOB: September 1, 1976 
Doctor of Science: 
Experience: Research Associate, RIKEN BNL Research Center, Theory Group, April 1,2004 - 

present. 
Awards and Honors: Award Medal by the Japanese Theoretical Particle Physics Group for 

Outstanding Presentation at Biannual Meeting of the Physical Society of Japan, 
2004. 

2004, University of Tsukuba, Japan 

Satoshi Yokkaichi Birthplace: Iwamizawa, Hokkaido, Japan DOB: Dec. 10, 1966 
Ph.D. 2000, Kyoto University, Japan 
Experience: Research Fellow of the Japan Society for the Promotion of Science, 1995- 1997 

Research Fellow of the Department of Physics, Kyoto University, 1998-2000; 
Special Postdoctoral Researcher, RIKEN, 2000-2001 
RIKEN Spin Program Research Associate, April 1,2001 - present ( ?) 

Awards and Honors: Fellowship: Japan Society for the Promotion of Science, 1995-1997 

Hiroshi Yokoya Birthplace: Tokyo, Japan DOB: March 25, 1978 
Master Sc. 2002, Hiroshima University 
Experience: RIKEN SPIN Program Young Researcher, RIKEN BNL Research Center, Theory 

Group, May 2003 - present. 

Feng Yuan Birthplace: China DOB: 
Ph.D. 2000, Peking University, P.R. China 
Experience: Postdoctoral Research Associate, U. of Heidelberg, Germany, September 2000 to 

February 2002; Postdoctoral Research Associate, U. of Maryland, College Park, 
March 2002 to August 2004; 
Research Associate, RIKEN BNL Research Center, Theory Group, 
September 1,2004 - present. 

Awards and Honors: National Outstanding Ph.D. Thesis, Chinese Ministry of Education, 2002. 
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Publications 
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615 



RBRC Experimental Publications 
November 2003 -November 2004 

RHIC Stin (and pp) Publications 

FIRST POLARIZED PROTON COLLISIONS AT RHIC, T. Roser et al. with G. Bunce, 
US-CERN-Japan-Russia Joint Particle Accelerator School, Long Beach, California. AIP 
Conf. Proc. 667, 1-8 (2003). Also in Ann Arbor 2002, Increasing the AGS Polarization 
1-8. 

SPIN DEPENDENCE IN POLARIZED P C ---> P C SCATTERING AT LOW 
MOMENTUM TRANSFER AND POLARIMETRY AT RHIC, A. Bravar et al. with G. 
Bunce, 0. Jinnouchi, K. Kurita, Z .  Li, N. Saito, Intersections 2003, AIP Conf. Proc. 
698:643-646 (2004). 

OVERVIEW OF POLARIMETRY AT RHIC AND ELASTIC PC TO PC 
SCATTERING AT VERY LOW MOMENTUM TRANSFER, A. Bravar et al. with G. 
Bunce, 0. Jinnouchi, K. Kurita, Z .  Li, N. Saito, Dubna Spin 2003 Proceedings, 290 
(2004). 

THE RHIC SPIN PROGRAM, G .  Bunce, Dubna Spin 2003 Proceedings, 298 (2004). 

RESULTS FROM THE RHIC PC CNI POLARIMETER FOR 2003,O. Jinnouchi et al. 
with G. Bunce, K. Kurita, Z .  Li, H. Okada, S .  Rescia, N. Saito, RHIC/CAD Accelerator 
Physics Note 171 (2004). 

SINGLE-SPIN TRANSVERSE ASYMMETRY IN NEUTRAL PION AND CHARGED 
HADRON PRODUCTION AT PHENIX, PHENIX Collaboration et al., (C. Aidalafor 
the collaboration with RBRC Experimental Group), (2004). 

DOUBLE HELICITY ASYMMETRY IN INCLUSIVE MID-RAPIDITY PI0 
PRODUCTION FOR POLARIZED P + P COLLISIONS AT S**( 1/2) = 200-GEV, 
PHENIX Collaboration (S .S.  Adler et a1 with RBRC Experimental Group), to be 
published in Phys. Rev. Lett, hep-ed0404027 (2004). 

J / PSI PRODUCTION FROM PROTON PROTON COLLISIONS AT S**(1/2) = 200- 
GEV, PHENIX Collaboration (S.S.  Adler et al. with RBRC Experimental Group), Phys. 
Rev. Lett. 92:05 1802 (2004). hep-ed0307019 

SUMMARY OF SPIN PHYSICS PARALLEL SESSIONS, J.W. Qiu and M. Grosse 
Perdekamp, Proceedings of the 8* Conference on the Intersections of Particle and 
Nuclear Physics, New York City, AIP Conf. Proc. 698:659 (2004). 

RESULTS OF RHIC PC CNI POLARIMETER RUN-03,O. Jinnouchi et al., Dubna Spin 
2003 Proceedings, 3 1 1 (2004). 
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THE RICH WORLD OF SPIN TRANSFERS IN POLARIZED HADRONIC 
COLLISIONS, V.L. Rykov and K. Sudoh, Report to Spin 2004, Trieste, Italy, 2004 (to 
be published in the proceedings.) 

DESIGN STUDY OF A NORMAL CONDUCTING HELICAL SNAKE FOR AGS, J. 
Takano et al. with T. Hattori, M. Okamura, K. Nakano, IEEE Applied Superconductivity, 
Vol. 14-2,457 (2004). 

ACCELERATION OF POLARIZED BEAMS USING MULTIPLE STRONG PARTIAL 
SIBERLAN SNAKES, T. Roser et al. with M. Okamura, J. Takano, Proc. 9* European 
Particle Accelerator Conference, Lucerne (2004). 

FIELD MEASUREMENTS IN THE AGS WARM SNAKE, J. Takano et al. with M. 
Okamura, T. Hattori, Proc. 9* European Particle Accelerator Conference, Lucerne 
(2004). 

DETERMINATION OF POLARIZED PARTON DISTRIBUTION FUNCTIONS AND 
THEIR UNCERTAINTIESy Asymmetry Analysis Collaboration (M. Hirai, S. Kumano, 
and N. Saito), Phys. Rev. D69:054021 (2004). 

SPIN PHYSICS WITH HIGH ENERGY POLARIZED PROTON-PROTON 
COLLISIONS, J. Tojo, Spin and Quantum Structure of Hadrons, Nuclei and Atoms 
(SQSO4), Tokyo, Japan, (2004). 

RHIC Heavy Ion Publications (with RBRC Experiment Grouu) 

ELLIPTIC FLOW OF IDENTIFIED HADRONS IN AU+AU COLLISIONS AT 
S(NN)**(1/2)=200-GEV, PHENM Collaboration (S.S. Adler et. al.), Phys. Rev, Lett. 
91 :182301 (2003), nucl-ex/0305013. 

I -  

HEAVY ION COLLISIONS AT COLLIDER ENERGIES: INSIGHTS FROM 
PHENIX, PHENM Collaboration (A. Drees et al.), International Conference on Physics 
and Astrophysics of Quark-Gluon Plasma (ICPAQGP 2001), Jaipur, India, 2001. 
Published in Pramana 60:639 (2003). 

MEASUREMENT OF NON-RANDOM EVENT-BY-EVENT AVERAGE 
TRANSVERSE MOMENTUM FLUCTUATIONS IN SQRT(sNN) = 200 GeV Au+Au 
COLLISIONS, S. S. Adler et al., Phys. Rev. Lett. 93,092301 (2004). 

MEASUREMENT OF NONRANDOM EVENT BY EVENT FLUCTUATIONS OF 

P+P COLLISIONS, PHENIX Collaboration (S.S. Adler et al.), nucl-edO3 10005 (2003). 
AVERAGE TRANSVERSE MOMENTUM IN S O * * (  1/2)=200-GEV AU+AU AND 
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HIGH P(T) CHARGED HADRON SUPPRESSION IN AU + AU COLLISIONS AT 
S(NN)**1/2 = 200-GEV, PHENIX Collaboration (S.S. Adler et al.), Phys. Rev. 
C69:034910 (2004), nucl-ex/0308006. 

CHARGED PARTICLE SPECTRA “IDENTIFIED CHARGED PARTICLE SPECTRA 
AND YIELDS IN AU+AU COLLISIONS AT SQRT(S_NN)=200 GEV”, S.S. Adler et 
al., Phys. Rev. C 69,034909 (2004). 

CENTRALITY DEPENDENCE OF THERMAL PARAMETERS DEDUCED FROM 

GEV, J .  Cleymans (Cape Town U.), B. Kampfer (Rossendorf, Forschungszentrum), M. 
Kaneta (RIKEN BNL), S. Wheaton (Cape Town U.), N. Xu (LBL, Berkeley), hep- 
pW0409071 (2004). 

HADRON MULTIPLICITIES IN AU + AU COLLISIONS AT S(NN)**(1/2) = 130- 

CENTRALITY DEPENDENCE OF CHEMICAL FREEZE-OUT EN AU+AU 
COLLISIONS AT RHIC, Masashi Kaneta (RIKEN BNL), Nu Xu (LBL, Berkeley), 17th 
International Conference on Ultra Relativistic Nucleus-Nucleus Collisions (Quark Matter 
2004), nucl- tW0405068 (2004). 

EVENT ANISOTROPY OF IDENTIFIED PIO, PHOTON AND ELECTRON 

AU+AU AT PHENIX. PHENIX Collaboration (Masashi Kanetafor the collaboration). 
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