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Preface to the Series

The RIKEN BNL Research Center (RBRC) was established in April 1997 at Brookhaven
National Laboratory. It is funded by the “Rikagaku Kenkyusho,” (RIKEN) The Institute
of Physical and Chemical Research, of Japan. The Center is dedicated to the study of
strong interactions, including hard QCD/spin physics, lattice QCD and RHIC
(Relativistic Heavy lon Collider) physics through nurturing of a new generation of young
physicists. The first Director of RBRC (1997 —2003) was Professor T. D. Lee.

A Memorandum of Understanding between RIKEN and BNL was signed on April 30,
2002 extending this collaboration and the RIKEN BNL Research Center (RBRC) for

another five years.

Since its inception the Center has now matured with both a strong theoretical and
experimental group. These consist of Fellows, Postdocs, RBRC Physics/University
Fellows and an active group of Consultants/Collaborators. Computing capabilities
include a recently completed and operational 10 teraflops QCDOC computer. The 0.6
teraflops parallel processor computer is also still operational since completion in August
1998 and was awarded the Supercomputer 1998 Gordon Bell Prize for price performance.
The Center also organizes an extensive series of workshops on specific topics in strong
interactions with an accompanying series of published proceedings.

Members and participants of RBRC on occasion will develop articles in the nature of a
status report, a general review, and/or an overview of special events, such as this one.

N. P. Samios
Director, RIKEN BNL Research Center

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98-CH10886.
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RBRC Operations & Accomplishments
Auspicious Year
April 5, 2004 New Discoveries at RHIC

Vol. 9 RBRC Scientific Articles

May 14-15, 2004 Workshop: Busza, Gyulassy &
McLerran

Vol. 62, RBRC
Nuclear Phys. A750. March 2005

"One of the major discoveries emerging from RHIC is
the creation of a form of hot dense (10 to 30 times
denser than a nucleon) matter whose properties are
consistent with those of a strongly coupled plasma of
subatomic quarks and gluons — the so-called quark-
gluon plasma that existed a few microseconds after
the birth of the universe."



Analyzed Runs 1, 2, 3

Run4 AuxAu 200 GeV/A 1,000 pb™”
62 GeV/IA 20 pb™

Run5 Cu xCu 200GeVIA 15 nb"
62 GeV/A 0.5 nb_4

Investigate properties of hot dense matter.

Color Glass Condensate
New Probes: Jhy
Direct photons

Open Charm
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Day 1 “New Physics” at RHIC

Baryon anomaly
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Physics Control

1400 Return of Di-Jets in D+Au
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A Glimpse of future probes
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Integrated Luminosity [pb™']

Run5 RHIC pp Delivered Integrated Luminosity
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RHICPP aCézé:Iera.tor complex

Absolute Polanmeter (H ]Bt)
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New AGS helical snakes

5 % helical snake build at Tokana Industries o
funded by RIKEN.

&

» Warm snake avoids polation mismatch
at AGS injection and extraction.

1

» Cold strong snake eliminates all
epolarizing resonances in AGS.

30% s.c. helical snake build
Installed in March 2005




Spin Program

All components in place
Polarimeters

Gas jet polarized target

Warm helical snake (RIKEN)

Cold helical snake

Spin rotators and Siberian shakes

- -

Run4 pxp 200 GeV/C 3 pb”
Run 5 200 GeV/c 20-30 pb™”

Polarization — blue & yellow 45-50%
with cold snake 70% expected

i5



Spin Program

Determine source of nucleon spin
Gluon contribution AG/G
A, from 1t%s
Theoretical understanding crucial
QCD - Next to Leading Order (NLO)
pp -1’ X pp - ¥ X

— -

Aim p p 200 GeV/C ~ 300 pb-1
500 GeV/IC 900 pb-1
Anti quark distributions
See 5-10 year plan-Spin Physics at RHIC

16
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Cornersiane to the RHIC Spin program
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AG/G: Me asurements have begun !
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Ag-Aq &t RHIC via W production
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QCDSP/QCDOC

QCDSP Operations (0.6 teraflops)
Efficiency > 99%
QCDOC Operational 10 teraflops
Dedicated May 26, 2005
90% Lattice QCD
10% other
UK QCDOC 10 teraflops
| Assembled, tested, and shlpped
DOE QCDOC 10 teraflops
Assembled, being tested

21
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RBRC

Director Emeritus: 1. D. Lee
Director: N. P. Samios
Associate Director: H. En'yo
Theory Group Leader: L. Mclerran
Deputy Group Leader: A. Baliz
Experimental Group Leader: H. En’yo
Deputy Group Leader: G. Bunce
Theory Advisory Committee:
T. D. Lee
L. Mclerran, Chair
A. Baliz
M. Creutz
M. Gyulassy
R. Pisarski
Experimental Advisory Committee:
A. Masaike
J. Sandweiss
N. Saito

Workshops: 13

Publications: 107 Theory/77 Experiment
- Seminars: é6/week

Other Articles: 2/10

23
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RBRC-412

RBRC-518

THEORY PUBLICATION LIST
April 1, 2004 to March 31, 2005

B. Jager, M. Stratmann, and W. Vogelsang, “Single
Inclusive Jet Production in Polarized pp Collisions at
O(a,’) [hep-ph/0404057], Phys. Rev. D 70, 034010 (2004).

Simon Turbide, Charles Gale, Sangyong Jeon, and
Guy D. Moore, "Energy Loss of Leading Hadrons and
Direct Photon Production in Evolving Quark-Gluon
Plasma," [hep-ph/0502248], Phys. Rev. C (accepted).



LA

Volume 61

Volume 62

Volume 63

Volume 64

Volume 65

Proceedings of RIKEN BNL Research Center Workshops

(April 1, 2004 to March 31, 2005)

RIKEN-TODAI Mini-Workshop on “Topics in Hadron Physics at RHIC,”
(BNL-72336-2004)

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

New Discoveries at RHIC (BNL-72391-2004)
May 14-15, 2004 .
Organizers: Wit Busza, Miklos Gyulassy, Larry McLerran

RHIC Spin Collaboration meetings XXIV, XXV, XXVI (BNL-72397-2004)
May 21, 2004, May 27, 2004, June 1, 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

RHIC Spin Collaboration Meetings XXVII and XXVIII (BNL-73506-2004)
July 22, 2004, September 2, 2004, December 6, 2004 :
Organizer: Akio Ogawa



)
=)}

Volume 66

Volume 67

Volume 68

Volume 69

Volume 70

RHIC Spin Collaboration Meeting XXIX (BNL-73534-2004)
October 8-9, 2004 at Torino, Italy
Organizer: Akio Ogawa

High Performance Computing with BlueGene/L. and QCDOC

Architectures (BNL- )

October 27 & 28, 2004

Organizers: Gyan Bhanot, Norman Christ, Jim Davenport, Ed Jedlicka, Robert
Mawhinney, Edward McFadden, Michael McGuigan, Thomas Schlagel, and
William Pulleyblank

Workshop on the Physics Programme of the RBRC and UKQCD
QCDOC Machines (BNL-73604-2004)

November 12-13, 2004

Organizers: Norman Christ, Richard Kenway, Robert Mawhinney, and
Shigemi Ohta |

RBRC Scientific Review Committee Meeting (BNL-73546-2004)
November 16 & 17, 2004 |

Organizer: N. P. Samios

Strongly Coupled Plasmas: Electromagnetic, Nuclear & Atomic
December 16-17, 2004 (BNL-73867-2005)

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



Le

Volume 71

Volume 72

Volume 73

Classical and Quantum Aspects of the Color Glass Condensate (BNL-737930-2005)
March 7-11, 2005

Organizers: Dmitri Kharzeev, Anna Stasto, Kirill Tuchin, Werner Vogelsang

RHIC Spin Collaboration Meetings XXXI, XXXII XXXIII (BNL-73866-2005)
January 14, 2005, February 10, 2005, March 11,2005
Organizer: Akio Ogawa

Jet Correlations at RHIC (BNL-73910-2005)
March 10-11, 2005
Organizers: M. Gyulassy, M.J. Tannenbaum, F. Wang



| Future Workshops: RBRC/BNL

Single Spin Asymmetries
Organizers: Feng Yuan and Werner Vogelsang
Dates: June 1-3, 2005

Odderon Searches at RHIC
Organizers: Wlodek Guryn, Yuri Kovchegov,
Larry Trueman and Werner Vogelsang
Dates: September 13-15, 2005

Heavy Flavor Production and Hot/Dense Quark Matter
Organizes: Yasuyuki Akiba, H.Huang, R. Rapp,
' Kirill Tuchin, and Wei Xie
December 7-9, 2005

28



Spin Physicé
(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
(10:00 am.)

Tuesdays
(11:00 a.m.)

Wednesdays
(1:30 pm.)

Thursdays
(12:30 p.m.)

Fridays
(12:00 Noon)

Fridays
(2:00 p.m.)

29

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.Tida

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 RBRC Dates Position New Position Present Institution
Graduates '
Bodeker, Dietrich 12/2000 to 12/2001 RHIC Physics Fellow, Professorship, C-4 U. of Bielefeld,

BNL Germany
Kharzeev, Dmitri 08/1997 to 09/1999 RIKEN BNL Fellow Physicist, Tenured Staff | BNL

10/1999 to 03/2000 RHIC Physics Fellow,

BNL

Kusenko, Alexander 10/1999 — 09/30/04 RHIC Physics Fellow; Tenured RBRC/UCLA

05/2003 (Tenure) UCLA/Asst. Prof. Associate Professor
Rischke, Dirk 09/1997 to 09/2000 RIKEN BNL Fellow Professorship, C-4 Inst. f. Theor. Phys.
10/2000 to 01/2001 RHIC Physics Fellow, J.W. Goethe-Univ.
. BNL Frankfurt, Germany
Schaefer, Thomas 01/2000-12/31/02 RHIC Physics Fellow, NCSU
SUNY, SB/Asst. Prof. Tenured at NCSU
01/2003-12/31/04 NCSU Associate Professor
Son, Dam Thanh 10/1999 to 03/2002 RHIC Physics Fellow, Tenured Position U. of Wash, Seattle,
Columbia U. ) Natl. Inst. for Nucl. Th
Stephanov, Mikhail 10/1999 — 09/30/04 RHIC Physics Fellow, Tenured RBRC/U. of Illinois,
08/2003 (Tenure) UIC/Asst. Prof. Associate Professor Chicago
van Kolck, Ubirajara 09/2000 — 08/31/2004 RHIC Physics Fellow; Tenured RBRC/U. of Arizona

08/2003 (Tenure)

U. of Arizona/Asst.
Professor

Associate Professor

Venugopalan, Raju 10/1/98 Asst. Physicist, BNL; Physicist, Tenured BNL
10/1/00 to 6/30/03 RHIC Physics Fellow,
(06/1/02 Tenure) BNL
Wettig, Tilo 10/1999 — 09/30/2004 RHIC Physics Fellow, Professorship U. of Regensburg, Inst.

Yale/Asst. Prof.
Associate Professor
(2003)

for Theoretical Physics,
Germany

Present Program

University Fellows
Have Research
Collaborator
Appointments at BNL
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RBRC Dates

RHIC Physies Fellow Position Present Institution
Present Program
Theorists
Aoki, Sinya 04/01/2004 - RHIC Physics Fellow, RBRC/U. of Tsukuba
U. of Tsukuba, Japan,
Permanent Position
Bass, Steffen 09/01/2000- RHIC Physics Fellow, RBRC/Duke U
Duke U./Asst. Prof.
Blum, Thomas 10/1998 to 09/2003 RIKEN BNL Fellow RBRC/U. Connecticut
01/01/2004 - RHIC Physics Fellow/
: UConn/Asst. Prof.
Izubuchi, Taku 04/01/2003 - RHIC Physics Fellow, RBRC/Kanazawa U.
Kanazawa U., Japan/
Physicist with Tenure
Jeon, Sangyong 01/01/2001 - RHIC Physics Fellow; RBRC/McGill
McGill /Asst. Prof.
Vogelsang, Werner 4/1/2000 to 9/30/2003 RIKEN BNL Fellow RBRC/BNL
10/1/2003 - RHIC Physics Fellow '
BNL/Associate Physicist
Experimentalists
Deshpande, Abhay 02/01/2000 to 12/31/03 | RIKEN BNL Fellow RBRC/SUNY, Stony
01/01/2004 — present RHIC Physics Fellow, Brook
: SUNY, SB/Asst. Prof.
Fields, Douglas 09/2001 RHIC Physics Fellow, RBRC/U. of New
U. of New Mexico/Asst. Mexico
Professor
Grosse Perdekamp, 01/1999 to 8/31/02 RIKEN BNL Fellow RBRC/U. of Illinois
Matthias 09/01/2002 - RHIC Physics Fellow, Urbana Champaign
U. of Illinois, Urbana
Champaign/Asst. Prof.
David Kawall 06/1/2004 to 1/2005 RIKEN BNL Fellow
01/2005 to present RHIC Physics 'RBRC/U. of
Fellow/Assistant Massachusetts, Amherst
Physicist

U. of Mass, Ambherst




New Universities:

Theory
Definite 9/1/05

lowa State University
Purdue University, W. Lafayette, IN
- SUNY, Stony Brook |

Prospective

}UC LA -
Texas A&M

Experiment

U. of Massachusetts, Amherst

32
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RBRC Graduates

Name Dates at RBRC RBRC Position New Position Title New Position Institution
Aoki, Yasumichi 05/2000 to 04/2003 Research Associate Post-doctoral Fellow =~ | Columbia University
04/2003 to 7/31/2003 Visiting Scientist Research Associate U.Wuppertal, Germany
Bazilevsky, Alexander | 3/10/1999 to 3/09/2002 | Research Associate Assistant Physicist BNL
3/10/2002 to 4/1/2003 | RIKEN BNL Fellow )
Blum, Thomas 10/1/1998 to 9/30/03 RIKEN BNL Fellow RHIC Physics RBRC/U. of Connecticut
1/01/2004 - Fellow/Asst. Professor
Bddeker, Dietrich 12/2000 to 12/2001 RHIC Physics Fellow, Professorship, C-4 U. of Bielefeld,
BNL Germany
Boer, Dani¢l 10/1998 to 06/2001 Research Associate Academy Researcher, Dutch Royal Academy
Tenure Track of Sciences, Free
University, Amsterdam
Deshpande, Abhay 02/01/2000 to 12/31/03 | RIKEN BNL Feliow Assistant Professor RBRC/SUNY, Stony
01/01/2004 — present RHIC Physics Fellow Brook
Fox, Brendan 03/01/2001-10/15/2003 | RIKEN BNL Fellow Voluntary Termination

Fujii, Hirotsugu 09/1997 to 09/1999 Research Associate Assistant Professor U. of Tokyo, Komaba,
Inst. of Physics
Goto, Yuji 11/1999 to 03/2002 RIKEN BNL Fellow Scientist RIKEN
4/2002 - present RIKEN Spin Program Sr. Research Scientist
Researcher
Grosse Perdekamp, 01/1999 to 8/31/02 RIKEN BNL Fellow RHIC Physics RBRC/U. of Illinois
Matthias 09/01/2002 - present Fellow/Asst. Professor | Urbana Champaign
Hirano, Tetsufumi 03/24/03 to 08/31/04 Research Associate Research Associate Columbia University
09/01/04 to present - Visiting Scientist
Ikeda, Takashi 04/01/02 to 03/2005 RSP Research Associate | Researcher ASTOM R&D, Co. Ltd.
.| (Advanced Simulation
Tech. of Mechanics),
Wako-shi, Saitama,
. "Japan
Itakura, Kazunori 06/2002 to 05/2003 Research Associate JSPS Fellow Service of Theoretical
: Physics, Saclay, France
Permanent Position 5/05: KEK, Japan
Jinnouchi, Osamu 04/01/03 to 02/28/05 Research Associate Research Associate KEK, Japan
Kaneta, Masashi 11/01/02 to 02/15/05 Assistant Professor Tohoku U., Japan

Research Associate
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Name Dates at RBRC RBRC Position New Position Title New Position Institution
Kawall, David 06/01/04 to 01/21/05 RIKEN BNL Fellow RHIC Physics Fellow/ RBRC/U. of MA,
01/2005 to present Assistant Professor Amberst
Kharzeev, Dmitri 08/1997 to 09/1999 RIKEN BNL Fellow Physicist, Tenured Staff | BNL
10/1999 to 03/2000 RHIC Physics Fellow,
BNL ’
Kurita, Kazuyoshi [04/1997 to 09/1997 [Postdoc. Res. RIKEN Associate Professor Rikkyo University,
10/1997 to 03/2000] Special Postdoc Res., Tokyo
RIKEN]
04/2000 to 03/2002 RIKEN BNL Fellow
03/2002 to 03/2004 RSP Visiting Scientist _
Kusenko, Alexander 10/1999 to 9/2004 RHIC Physics Fellow, Associate Professor UCLA
Assistant Professor, Tenure (5/2003)
UCLA
Messer, Frederica 09/01/2002 to RIKEN BNL Fellow Voluntary Termination
04/01/2003 _
Nara, Yasushi 10/1999 to 09/2002 Research Associate Research Associate U. of Arizona, Tucson
Nemoto, Yukio 09/01/01 to 05/31/04 Research Associate Research Associate Nagoya U., Japan
Noaki, Junichi 07/01/01 to 6/30/04 Research Associate JSPS Fellow U. of Southampton, UK
Orginos, Konstantinos 10/2000 to 8/31/2003 Research Associate Research Scientist MIT, Lab. For Nucl. Sci
Rischke, Dirk 09/1997 to 09/2000 RIKEN BNL Fellow Professorship, C-4 Inst. f. Theor. Phys.
10/2000 to 01/2001 RHIC Physics Fellow, J.W. Goethe-Univ.
BNL Frankfurt, Germany
Saito, Naohito [04/1995 to 03/1996] [RIKEN Special Associate Professor Kyoto U., Japan
Postdoc. Fellow]
04/1996 to 03/2001 RIKEN/RBRC Res.
04/2001 to 03/2002 RIKEN Spin Prog. Res
03/2002 - present RSP Visiting Scientist.
Sasaki, Shoichi 09/1998 to 09/2000 Research Associate Assistant Professor U. of Tokyo, Japan
Schaefer, Thomas 01/2000-12/31/02 RHIC Physics Fellow North Carolina State U.,
' SUNY, SB/Asst. Prof. Tenured at NCSU Raleigh, NC
01/2003-12/31/04 NCSU Associate Professor
Schaffner-Bielich, 09/1998 to 10/2001 Research Associate '| Research Associate Columbia University
Jirgen University of Frankfurt

Son, Dam Thanh

10/1999 to 03/2002

RHIC Physics Fellow,
Assistant Professor,
Columbia U.

Associate Professor,
Tenured

U. of Wash, Seattle,
Natl. Inst. for Nucl. Th
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New Position Title

Name Dates at RBRC RBRC Position New Position Institution
Stephanov, Mikhail 10/1999 to 9/2004 RHIC Physics Fellow, * | Associate Professor U. of Illinois, Chicago
Assistant Professor, UIC | Tenure (08/2003)
van Kolck, Ubirajara 09/2000 to 8/2004 RHIC Physics Fellow, Associate Professor U. of Arizona
Assistant Professor, U. | Tenure (08/2003)
of Arizona
Venugopalan, Rajagopal | 10/1/2000 to 6/30/2003 | RHIC Physics Fellow, Physicist with Tenure = | BNL
BNL 6/1/02
Vogelsang, Werner 4/1/2000 to 9/30/2003 RIKEN BNL Fellow Physicist with Tenure BNL
10/01/2003 to 5/31/2005 | RHIC Physics Fellow/ | 6/1/05
. Associate Physicist/BNL
Wettig, Tilo 10/1999 to 9/2004 RHIC Physics Fellow, Professorship U. of Regensburg, Inst.
' Assistant Professor, for Theoretical Physics,
Associate Professor Germany
: (2003) Yale -
Wingate, Matthew 09/1997 to 09/2000 Research Associate Research Associate Ohio State U.
‘ Columbus; U. of
Washington, INT
Yamada, Norikazu 12/2002 to 10/31/2004 | Research Associate Assistant Physicist KEK, Japan
Yasui, Yoshiaki 09/1997 to 09/2000 Research Associate Postdoc Radiation Lab, RIKEN,
Postdoctoral Fellow KEK, Theory Group,
Japan; Tokyo
Management College
Yokoya, Hiroshi 4/23/03 to 3/21/05 RSP Young Researcher | Research Associate Niigata, Japan




THEORETICAL PHYSICS AT RIKEN-BNL
CENTER - STRONG INTERACTIONS AND
QCD

Larry McLerran
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RBRC Theory Group

Larry McLerran

Presentation .
11™ Meeting of The Management Steering Committee of
RIKEN BNL Collaboration

May 27, 2005
Brookhaven National Laboratory, Upton, NY
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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 — Quark Gluon Plasma

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

All issues intertwined!
- Require understanding and computation.
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Current Interests in RIKEN-BNL Center
Lattice Gauge Theory

Masses and matrix elements of hadrons
CKM matrix |
Properties of QGP and hadronic matter

Structure of Hadrons

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

Color Glass Condensate and Quark Gluon Plasma

RHIC Phenomenology
Everything for

<1073
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Accomplishments and Goals of Lattice Gauge
Theory at RBRC

Have built and are now operating QCDOC (also machine in
Edinburgh and DOE machine)

Developed practical methods for small mass quarks, and taking
the continuum limit

Developed methods for understanding:
The weak interactions in strongly interacting particles
CP violation in kaon decays
Distributions of quarks and gluons in hadrons

Spectra of exotic hadronic states, such as pentaquark
With QCDOC:
Do the above with precision, particularly CKM tests

QCD thermodynamics

Understand origins of mass generation
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Accomplishments and Goals in Study of Spm
and Perturbative QCD |

Achievements:
Developed GRSV Spin Structure Functions

Developed one set of standard structure functions used in heavy
ion, dA and pp

Used GRSV for analysis at RHIC
NLO spin asymmetry in pp ->pion X (gluon spin measurement)

Spin effects in Drell-Yan

Goals
Extract gluon spin from RHIC experiments

Understand hard processes in larger program
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Accompllshments and Goals in Study of High Energy
Density Matter

Accompllshments.

Complete 3-d computations of distributions of particle produced in
heavy ion collisions and relation to QGP

Developed a theory of matter at small x: Color Glass Condensate

Understood initial conditions in heavy ion collisions and early stages of
evolution

| Goals:
Turn study of high energy density matter into a precise science

Understand from first principles in QCD, the high energy limit
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Why is BNL a Good Place to Study QCD?

RHIC
QCDOC

Strong theory groups:
BNL, Columbia, Stony Brook

In both HEP and NP at BNL strong interest in
theory and experiment
Beginning of a new BNL lattice gauge theory group

Supportive atmosphere for young people
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Relations

QCDOC and Lattice Gauge Theory

Joint Columbia-RBRC Project
NT has Jung as Junior Faculty
Hired Karsch and began new group
Soni and Creutz
SCIDAC project

Spin and pQCD

Vogelsang is tenured
Kretzer a joint PD with NT
Larry Trueman in HEP

RHIC Physics

Strong collaboration with NT group continues.
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RIKEN-BNL Theoretical Physics Fellows

Graduates

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 lil, Chicago
U. Van Kolck, Tenured U of Arizona
T. Schaefer, Tenured U of N. Carolina
A. Kusenko, Tenured UCLA

W. Vogelsang, Tenured at BNL

Next Year:

Texas A&M
UCLA?.......

Current Fellows

S. Bass, Duke

T. lzubuchi, Kanazawa

S. Jeon, McGill

T. Blum, U of Connecticut
P. Petreczky, BNL (NT)
S. Sasaki, Tokyo (NT)

S. Aoki, Tsukuba

K. lida (NT)

New Fellows:

D. Molnar: Purdue
K. Tuchin: lowa
State

U. Weidemann?
Stony Brook
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RBRC Postdoctoral Fellows:

Spin: High Density Matter-Phenomenology
S. Kretzer Y. Hatta
“F. Yuan | | T Doi
~ H.Yokoya | K. Fukushima
K. lida
T. Sugihara
‘A. Mocsy
Lattice:
- S. Onta

Y. Nemoto, J. Noaki, N. Yamada, T. Yamazaki

K. Hashimoto






RBRC EXPERIMENTAL GROUP AND
WAKO BASE (RADIATION LAB.)

Hideto En'yo

51
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RBRC Experimental Group and
Wako Base (Radiation Lab.)

Activity Summary and Future Prospecives

- Brief introduction / Organization

Physics highlights => G.Bunce and Y.Akiba
CCJ (PHENIX Cemputer Center inJ apan)
Detector upgrade for future =>Y. Ak1ba |

MSC meeting, 27 May 2005

Hideto En’yo
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Polarized Proton in RHIC | srakes and spin Rotator
The first spin collider Lk EL e

LR« L 3
|

L ad

KEK OPPPS,
Tuned for RHIC at
TRIUMPH
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NETWORK

BROOKHFAEN

NATIONAL LABORATORY

RIKEN CC-J
Wako. Japan

ccy

RSCC

> <

Data transfer between RIKEN and BNL

Network : ~60MB/sec

Sending by air : ~20MB/sec (=200GBx60tapes/week)
using media tape (1tape=200GB, 1case=60tape)

S .




What 1s the fly wheel in the proton

proton beam
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Member of RBRC Experiment 2004/5

04 Status
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Student Status (RBRC&Wako)

EXPERIMENT 2001 2002 2003 2004 2005
N. Kamihara JRATTTTTTTRA JRA P B8P0 IMuon
TiTech T. Horaguchi i JRA JRA JRA Direct Gannma
K. Nakano PT JRA Jet
J. Takano JRA JRA Snake Pol-Acceleration
H. Sato JSPS JRPS JEPS Muon
M. Togawa JRAZ JRAZ JRAZ JSPS L ocal Polarimeter
Kyoto Y. Fukao JRA JRA JRA Pi~0 Analysys
. Olkada | JRAZ SHAZ JRAZ Polarimeter
K. Aoki PT JRAZ Muon upgrade
K. Shaii ! PT Muon upgrade
Niigata U K. Fuiiwara JRA JRA  |Silicon upgrade
Hiroshima Y. Tsuchimoto JRA K=1 AAA -5 eieolron
T. Hachiya P JraA2 JRAZ B d+A > electron
U.Tokyo F. Kajihara JRA JRA AtA -> electron
Rilkyo U Y. Inoue PT PT
Heiderberg V. Siegle Belle
T.U. Muenchen |D. Gabbert Beile
R. Seidl Belle
THEORY
U.Tokyo Y. Hatta ] JRA JRA | ORE High Density
Hiroshima U. _ IH. Yokoya JRA JHA 'pQCD

I RERC Young Researcher

RIKEN Junior Research Asscciate
~ RIKEN Student Part Timer
JSPS DC Student
‘RIKEN Special Doctral Fellowsh PostDOC

01 ] 02 03] 04105
15
10
§
0
JFY

This physics program attracts young people.
They graduate, and new ones join.
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 RIKEN@RBRC

UPGRADE@CERN
Hiroaki Ohnishi
Johann Hauser

Experiment G.
Organization

Hiroyuki Kano

Yasuvuki Akiba
Yujl Goto
Hideyuki Kobavashi
Takahiro Kawabaty

Tsuguchika Tabaru

RBRC
Hideto Enyo

- Gerry Bunce

Matthias Grosse Perdekamp

Abhay L Deshpande
~ Douglas E, Field

- Brondan Fox

|

RBRC STUDENTS

Fhvoks Sato
Vikior Siceel
Nobuyuki Kamihara
Takuma Horaguchi
Manabu Togawa
 Yoshi Fukao
Hiromi Okada
Takashi Hachiya

Alexander Bazilevsky
Kensuke Okada
Osamu Jin-nouchi
Masashi Kaneta
Naohito Saito (Visitor)

BELLE

Soeren Lange (Visitor)
Akio Ogawa (Visitor)
Kazumi Hasuko(RIKEN)

Masahiro Okamura
Kiyoshi Tanida
Atsushi Taketani
Junji. Tojo
‘Hisa Torii

WAKO/CCJ

Takashi Ichihara

Yasushi Watanabe
Satoshi Yokkaichi
Akio Kiyomichi
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Status and recent movements

RIKEN+RBRUC is the second biggest PHENIX participating institute next
to BNL.

Yasuyuki Akiba and Matthias Perdecamp are appointed as deputy spokes
persons of PHENIX collaboration ( two out of two),

Yasuyuki AKkiba is responsible for the construction of the vertex detector
upgrade in PHENIX.
Since Akiba started, RBRC is expanding QGP physics activity

M. Kaneta moved to Tohoku University (tenure)

O. Jinnouchi moved to University of Tokyo (tenure)

J. Heuser to GSI and A. Kiyomichi to JAERI (tenure equiv.)
Dave Kawall (Fellow, starts June 04)

New RIKEN tenure . Nakagawa joined [ of Dec.04

J. Asai will joined 1% of April04, (Kiso Tokken)

*

N. Kamihara joined 5 of April03, (Kiso Tokken from JRA)

- S. Kametani and Y. Onuki joined 1% of April05 for Upgrade work at Wako



Physics Results
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NATIONAL LABORATORY

Vol. 58 - No. 11

April 2, 2004

AGS Beam Runs Through Warm Snake

50 percent polarized proton beam measured in tests

Get to Know Snakes,
Polarized Protons

Snakes

$nake magnets get tholr
vame from the snhake-like
vrdolation of the beam as it
travels theugh the helival, ox
wisting, lotm of the magnet,
le cmginai idea of spake

2

BN tearn recently installed
£ % a warm, helical Siherian
snake {see box, left), among
other magnets in the Alternat-
ing Gradient Synchrotron
{AGS). Designed by Masahiro
Okamusa of RIKEN and [unpal
Takano of the Tokyo Institute
of Technology, and built by the
‘lakano QOriginal Magnet Com-

pany in Japan, the magnet's

undetstanding the stuctuse of
the proton,” MacKay said.

The warm snake story began
a little over a year ago, when
Thomas Reser of C-A proposed
building the snake. The new
helical snake was expected to
minimize the depolarization
from coupling resonances as
the beam of polarized protons
accelerated around the AGS
ting before entering RHIC. It

M would replace the older sole-

noidal snake magnet in the
AGS, which also promoted po-
larization, but had other dis-

advantages.

“Then, RIKEN designed and

4 produced the final product in

iecord time,” said MacKay.
“The magnet was delivered to

[ § BNL at the end of October”

The snake magnet was fist
set up in the Superconducting
Magnet Division, where a
detailed series of medsurements
ofeles

Threoc 1usasuisaiciie weis
made by Magnet teams led by
George Ganetis and Animesh

Pietured with the new warm helical Siberian snake magnet is Junpai
Takano of the Tokyo institute of Technology, who designed the
magnet with Masahiro Okamura of RIKEN, Bullt by the Takane Origi-

nal Magnet Company in Japan, the new snake was funded by RIKEN.

LCHW iy nu,uou.u wIcLanILaL
shims to compensate the field
at the ends of the magnet.

VLAY CUEERE VYOLARR 8 LALS
“Muore recently, we have
gatten some measurements

s e e

2
2
]
T
|7
El
i
g
g

e M. Okamura &J. Takano (Student)
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200 GeV pp “Figure of Merit”

integrated P2*P2*Luminosity (pb™)

Run Time Int. Lumi Pol. PAL
Run3(2003)| 4weeks | 220nb!' |  27% 1.17 nb!
Run 4 (2004) 4 days 75 nb-1 40% 1.92 nb"!
Run 5 (2005) | 10 weeks 5500 nb-! 50% 226 nb'!
_ 0.006,
2= "™ "~ PHENIX Goal 226 nb' | 0.004- Wﬁm}f}é/
) 0.002: -
b e N ) R e oo { -----------------------
" PH:. ENIX
o~ (5/17/05) e : -0.00
- 60.2nb" . June 25, 2005 -0.00 |
(190 nb** project:ad) ) { 10pb 50% pol
ST PNUEIEE S | -0.00%- 051152253354455
Days Since April 17 Py (GeV/c)
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B With Improved Pol. Pi0
A;; measurements

became more significant.

CRSYamax

= ™ A, from pp at\s=200 GeV
a 0.1~ + combined
0.051
0__ : S N {
-0.05/-
'0-1; Scaling error of ~65%

. is not included.
IR S TN IO O W 2O WO AN SRR

L oo by vy s

0 1 2 3

4

5 6
p; (GeV/c)

{j - 7° A, from pp at\s=200 Giev
0-1:‘ ¢ FHun 4 . |
0.05. ¢ Combined
o %z ———————— ‘ —————————————————————————————————
: Pt
"0. 05 :‘ _ I

'0-1:_ Scaling error of ~65%

~ is not inclulded. | ' | |

o 1 2 3

4 5 6
p; (GeV/c)

Consistent with GRSV-std
Less consistent with GRSV-max
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Prompt Photon
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$ : NLO pQCD
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Gas Jet ! (p+p CNI) H. Okada et al.
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We discovered huge >t
forward neutron -0
asymmetry

Transversity (or Orbital motion)

‘ Neutron Asymmetry ¢ Distribution l
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Current configuration of CCJ with RSCC

CCJ Area

S

.. RSCC Area

(HPSS

CPU PFarms
252 CPU .
total 335 GHz

32 Penstium I (700 MB)H
96 Pentham T (350 MHz)+
96 Pesrtinm Y1 (1000 MHx)-
T2 Pentiom X0 (1400 MEzH-
36 Pentinm IV (2000 Mifz)
512 M8 Memory /CPU

SoUO1IMAS HJIOMIoN

R T——r
600 1B

(Full
1.2 PB)

=) 8 dri '“""
B wws -

Vector CPU
- (SX-7/32)
i § CPU: 32

” " Mem: 2566 GB |
§ 283 GFlops f

o
Ak

seqolymg Y IOMION

{2&5@%
L total 776 GHz 4

RSCC CPU Farms
Total 6, 206 Gz
= 12. 4 TFlops (peak)
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~ Cooperation of CCJ with *
Riken Super Combined Cluster (RSCC)

| ~-CPU (unt) /f ———4
- | =CPUGHz) | ., . R
O Primary Goal of CCT /

. Disk (0.1 TB)
-~ HPSS (TB)

400 - e e o s i e R, e

200 ¢ e e e e e 12 o e o o

0 k 5 ; i : i
Dec98 Jun99 Dec-99 Jun00 Dec00 JunOl Decdl Jund2 Decd2 Ju03 Dec03 Jun04 Dec¥ Junds

wned

— CPU power reached to 3 times
e CCJ:252 CPU + RSCC pc2c 256 CPU

« Storage is enough for three years of RHIC data
' 18
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Data transfer challenge

i1 ™ ‘'™ A | 1

CCJ arﬂ:hiirad runSpp d_aEa amount(Thu May 19 09:58:50 JST 2005)

data/day(TE)

=L

11002
{80
60

{40

10 20 30 40 50 60
days from 2005/03/31

“accumlated data(TB)



' Detector Upgrade in PHENIX

.- 35 degrees

1.2<[n|<24

_.{io o Sk N

Inj<1.2
Rd=10cm
Ra=Bem
. R2=6om B N ¥
Ri=25cm

rd
Be beampipe r=2cm - o

oL

pixels

€L

1 IR 778\ S
pixels = Ay
strips . ! RSN B S
- M»“M’"‘m Y i ........... i ' i ’

Pixel barrels (50 pm x 425 pm)
5 (80 um x 3 cm)
(50 pm x 2 mm)

1-2% X, per layer
barrel resolution <50 pm
endcap resolution <150 um
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The world first Polarized Collider
is now producing Exciting Physics Results

We are in full swing
~ and will continue to be

- 21
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THE QCDOC PROJECT
OVERVIEW AND STATUS

Norman H. Christ
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The QCDOC Project

Overview and Status

Management Steering
Committee Meeting

May 27, 2005

Norman H. Christ
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Outline

.ij@ct goals
QCDOC collaboration
Azfchitec:turev
Software
---------- Operating system

— Run-time environment

— Programming environment

Construction and packaging
Construction status

Final bring-up 1ssues
Application performemce

Future plan

RBRC MSC - May 27, 2005 (2)
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Project Goals

 Lattice QCD provides the only first-
principles window into non-perturbative
phenomena of QCD.

» All significant errors are controlled and

can be reduced with faster computers or

better algorithms.

» Regular space-time description:
easily parallelized.

« $1/sustained Mflops
cost/performance.

« Low power, easily maintained

_ 8192-node, 0.4 Tflops QCDSP machine
modular design. |

RBRC MSC - May 27, 2005 (3)
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QCDOC Collaboration
(people)

. C()ll]mbld (DOE) UKQCD (PPARC)

Norman Christ — Peter Boyle

.- au_l Coi’}er} — Mike Clark
—  Calin Cristian — Balint Joo

~ Zhihua Dong

— Changhoan Kim + RBRC (RIKEN)

~ Ludmila Levkova — Shigemi Ohta

------ - Sam Li . , — Tilo Wettig

—  Xiaodong Liao : :

- Guofeng Liu ' IBM

------- - Meifeng Lin — Dong Chen

~  Robert Mawhinney ‘ ~ — Alan Gara

-------- Azusa Yamaguchi - Desiégn %YOUI)SEEI Ny

: - N e -\ ¢ Yorktown Heights, NY
* BNL (SCIDAL) . Rochester,MI\% |

— Robert Bennett * Raleigh, NC

------ - Chulwoo Jung
— Konstantin Petrov
—  David Stampf

RBRC MSC - May 27,2005  (4)
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QCDOC Collaboration

(money)
Institution/funding Design and Large
source proto-typing installations
Columbia/DOE $500K $1M (UKQCD)
RBRC/RIKEN $400K $5M
UKQCD/PPARC $1M $5.2M
BNL/DOE - $5.1M

Personnel and site prep costs are not included.

RBRC MSC - May 27, 20035 (5)
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- QCDOC Architecture

[BM-fabricated, single-chip node.
[50 million transistors, 5 Watt, 1.3cm x 1.3cm]
Processor:
— PowerPC 32-bit RISC.
— 64-bit, 1 Gflops floating point unit.
Memory/node: 4 Mbyte (on-chip) & 02 Gbyte DIMM.

Communications network:

~~~~~~ - 6-dim, supporting lower dimensional partitions.
— Global sum/broadcast functionality.
— Multiple DMA engines/minimal processor overhead.

Ethernet connection to each node: booting, I/O, host control.
~7-8 Watt/node, 15 in® per node.

RBRC MSC - May 27. 2005 (6)
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Software Environment

Lean kernel on each node
— Protected kernel mode and
address space.
— RPC support for host access.
— NFS access to NAS disks (/pfs).
----- Normal Unix services including
stdout and stderr.

Threaded host kernel

- Efficient performance on
8-processor SMP host.

— User shell (gsh) with extended
commands.

— Host file system (/host).

—  Simple remapping of 6-D
machine to (6-n)-D torus.

Programming environment

— POSIX compatible, open-source
libe.

— gcc and xlc compilers

SciDAC standards
— Level-1, QMP protocol

~  Level-2 parallelized linear
algebra, QDP & QDP-++.

— Efficient level-3 inverters
* Wilson/clover
. quain wall fermions
. ASQTAD
* p4 (underway)

RBRC MSC - May 27.2005  (7)
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Network
Architecture

+« Red boxes are nodes.
«  Blue boxes mother boards.

» Red lines are communications
links.

e  Green lines are Ethernet

connections.

»  Green boxes are Ethernet
switches.

»  Pink boxes are host CPU
Processors.

SCU LINKS

PE—— RER—
e
- p— -
R———
—— -
..... Jre— Epr——
pRr—
e -] vt
ot e ] -
. et ] - e et
1
S L B
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ETHE

[erur ]
! 4 IPU—Z—"

| HOST

#
i

RN

RBRC MSC - May 27, 2005 (8)
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QCDOC Chip

. 8 Gbyte/sec 1 Gflops
4 MBytes of J > 2.6 GByte/sec Interface
i Memory/Processor Double Precision I'M
L‘:mbedded DRAM Bandwidth RISC Processor to External Memory

2.6 GByte/sec

EDRAM/SDRAM N
DMA || e poR sont
: e EDRAM /] 4T T l
A (igﬂgrgller - -
24 Link DMA ) '2 - o a0 core | ¥ Dg;grc)&el\rm n
Communication ” s T
Control
- , S P . A Fr-gﬁg?ﬁl] i?f%ze?;
24 Off-Node Links % vl BMA 4 posk o
Bandwidth : <iis ‘ e erne
: 1 7] BM Library Component P, Interﬁgs:e
{;:} Custem Deasigned Logic 2}33'3?2“”‘ e

uuuuuu e T

ot ERAACE

115 100 Mbi ‘
Complete Processor Node aﬁg;m . East Ethlg/rsnii
on a Single QCDOC Chip g

AKE recy. fifo

50 million transistors, 0.18 micron, 1.3 x 1.3 cm die, 5 Watt

RBRC MSC - May 27, 2005 (9



Daughter board (2 nodes)

89

(10)

RBRC MSC - May 27, 2005
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Mother board (64 nodes)

RBRC MSC - May 27, 2005

(1)



512-Node Machine

91

(12)

RBRC MSC - May 27, 2005
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Brookhaven Installation

RBRC (right) and DOE (left) 12K-node QCDOC machines

RBRC MSC - May 27, 2005

(13)
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Project Status

UKQCD — 13,312 nodes --$5.2M — 4-5 Tflops sustained.
— Installed in Edinburgh 12/04.
— Running production at 400 MHz/100% reprod.
RBRC- 12,288 nodes -- $5M — 4-5 Tflops sustained.
— Installed at BNL 2/05.
— 1/3 in production. 420 MHz/100% reprod.
— 2/3 performing physics tests.
DOE- 12,288 nodes -- $5.1M — 4-5 Tflops sustained
----- - Installed at BNL 4/05.
— 3/4 performing physics tests.
— 1/4 being debugged.
‘Price/performance of ~$1/Mflops.

RBRC MSC - May 27, 2005

(14)
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Final Bring-up issues

» FPU errors » Parallel disk system
- Lowest two bits infrequently - 12 Tbyte RAID servers.
incorrect. (Not present at 400MHz.) ~ 512-nodes achieve 12 Mbytes/sec.
— Remove slow nodes at 432MHz and — Installed 04/05 |
run at 400MHz.

» Larger machine partitions

Serial communication errors. — Two 4096-node partitions assembled.

— Induced by Ethernet activity. — Expect to run as 4096 +
- 0.25/month at 400 MHz/1K nodes. 4096-+4*%1024 node machines?
— Further reduced by PLL tuning. . Spares

— Protected by hardware checksums

. — 1% non-functioning daughter boards
with no performance loss.

----- 1.5% non-functioning mother boards

— ~12 mother boards for small
jobs/code development.

RBRC MSC - May 27,2005  (15)
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Application Performance
(Demonstrated on a 1024-node machine)

Fermion action | Local volume | Dirac performance | CG performance
Wilson 24 44% 32%
Wilson 44 44% - 38%
Clover 44 54% 47.5%
DWF 4> 47% 42%
ASQTAD 44 42% 38%

These are our present numbers and should improve as

more code tuning is done.

RBRC MSC - May 27, 2005

(16)
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Outlook
New QCDOC machine offers >10x capability.
They will be used to generate la;rgé sets of.lattice
configurations: Dynamical domain wall fermions
Increased US/Japan/UK collaboration.

We are now beginning to dream of petaflops

computers with price/performance of $0.01/Mflops.

RBRC MSC - May 27, 2005

(17)
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The Future: QCDOC

« Reduced feature size and increased integration permits many
nodes per chip (multi-core trend).

.- QCDOC > QCDOC++

- — Clock speed (GHz): 04-> 17
— Integration (nodes/chip): - 1 = 647
— Performance (Gflops): 04> 27

— Inter-node comms (Gbyte/sec): 1 -> 107
----- - On chip memory (Mbytes/chip): 4 -> 327

« Target: $0.01/Mflops price performance (1/100 x QCDOC).
» 100x speed-up permits increased 2x problem size per node.

» Production machine in 2009?

RBRC MSC - May 27,2005  (18)



RHIC SPIN PROGRAM

Gerry Bunce
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RHIC SPIN Program

Gerry Bunce

~ Presentation
11™ Meeting of The Management Steering Committee of
RIKEN BNL Collaboration

, May 27, 2005
Brookhaven National Laboratory, Upton, NY
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RBRC Management Steering Committee
27 May 2005
G. Bunce

RHIC Spin Program

...to study the spin structure of the
proton

«History

+2004 Spin Run

*Physics resulis: Spin2004 at Trieste, ltaly
+2005 Spin Run

*Spin Plan

& history of the strong interaction:

4864: “quarks” ...to understand the zoo of strongly interacting
particles; “color” quantum number ...to describe the Q- (sss, S=3/2)

4867: quarks are real! ...from hard inelastic scattering of electrons
from protons at SLAC

1873: the theory of QCD ...quarks and “gluons” and color;
perturbative QCD

1980s to present: e-p and pbar-p colliders ...beautiful precision tests
of pQCD, unpolarized

1870s: polarized beams and targets
1888: the spin of the proton is nigt carried by its quarks!

1880s to present: confirmed in “DIS” fixed target experiments using
electrons and muons to probe the spin structure of the proton

2061 to present: probe the spin structure of the proton using quarks
and gluons (strongly interacting probes see both the gluons and
quarks in the proton): RHIC

103



Spin is one of the most fundamental concepts in physics,
deeply rooted in Poincare invariance and hence in the
structure of space-time itself. All elementary particles we
know today carry spin, among them the particles that are
subject to the strong interactions, the spin 2 quarks and
the spin 1 gluons. Spin, therefore, plays a central role
also in our theory of the strong interactions, QCD, and to
understand spin phenomena in QCD will help to
understand QCD itself.

To contribute o this undersianding is the primary goal
of the spin physics program at RHIC.

Measuring the proton spin structure...

P ’ -
/7 h  pion
f" quark ,-‘Dh L P
quark N ,f//\j/::;.
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Cornerstone to the RHIC Spin program
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Physical Review Letters 91, 241803 (2003)

RHIC Polarized Collider

‘Sibéﬂan Snakes
P, PHENTX| mizon detector |
Ay 2

Solenoid Partial Siberian Snik
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RIKEN/RBRC: RHIC Spin Hardware

1996-2001:
Siberian Snakes

2003-4: Warm AGS Snake
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2004 Polarization in RHIC

o 0.6
2 E
Hos | - -
= F .
£04 [ =i -
o3[ -
0.2 3. B .. R e amem e m e PRI o . . . PR
01 [ e e e e e
0 Ly

Fill §324

....................................

RUN4

107

o



PHENIX Experimental Setup

West Beam View

« Central
spectrometer arms
|7 <0.35

~ v, n0 via 0 — vy
— Electromagnetic

calorimeter (EMCal)
¢ Lead scintillator
calorimeter (77 %)
¢+ Lead glass
calorimeter (71:7)

< 0.1
0.05¢

-0.050

2004: Gluon polarization and Direct vy

L ®® Ay from pp at\s=200 Ge
¢ Combinad 1
0F :
'0-1:‘ Scaling error of ~65%
Cispotincluded. | i,
¢ 1-2 3 4 5 &6
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Spin2004, Trieste:

2003: Phys. Rev. Lett. 93,
202002 (1994) and 2004
data combined
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2005 Run

200 GeV pp “Figure of Merit”
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RHIC Spin Physics Program
» [Direct measurement of polarized gluon distribution using
multiple probes

» Direct measurement of anti-quark polarization using
parity violating production of W

 Transverse spin: Transversity & transverse spin effects:
possible connections to orbital angular momentum?

AQ-Aq at RHIC via W production

Potarized 1.0

proten

|

RHIC pp Vs = 500 GeV
fL dr =300 pb5!

* AL(WY)
S ¢ AL (W)

Aff

Ad+T = W™
‘AT v oL — O .
Ad+u—>W* ot + 0- THeamtr
Aut+d - W* 9
PHENIX & STAR Upgrades: | — GSISLOA) .
Begin 2008 ol BSae=0
10° 10"
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Spm Phy@tﬁs at RHIC

FEBRUARY @, 2005

Giuon Polarization Sensitivity
Of RHIC Spin
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Tutegrated luminosity

RHIC Spin Plan: Luminosity Projections
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RBRC at Belle: quark analyzing power

Near-side Hemisphere:
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Jet axis: Thrust

Spin averaged cross section: v Far-side:
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Results for n-pa|rs for 30fb- 1
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RHIC HEAVY ION PROGRAM

Yasuyuki Akiba
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RHIC Heavy lon Program

Y. Akiba

Presentation
The management Steering committee of
RIKEN BNL collaboration

May 27, 2005
Brookhaven National Laboratory, New York, USA
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RBRC and RHIC: Unique QCD laboratory

QcD
proton spin low x High T,p
structure color glass l QCD l

RHIC Heavy fon
program

RHIC spin RBRC Théory
program

RHIC: Accelerator dedicated for study of QCD (strong nuclear force) .
RBRC theory: Center of QCD theory from Lattice to pQCD to Heavy lon
RBRC and RIKEN plays leading role in both of the spin and heavy ion physics
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Heavy lon Physics at RHIC

Create very high temperature and dense matter
— As existed a few p sec after the BIG BANG
— Collide heavy nuclei to achieve maximum volume
— 5 Runs since the start of RHIC in year 2000
Au+Au (Run1,2,4) d+Au (Run3) Cu+Cu (Run5)
RHIC has produced high density partonic matter

— The four experiments of RHIC concluded in their white papers
that RHIC Au+Au collisions produced very high density matter

— The matter is strongly interacting, and it behaves like an ideal
fluid (perfect liquid) — unexpected discovery.

Next step: Detailed study of the newly discovered matter
— How hot and dense is the medium?
— Is thermal equilibrium achieved?
— |s the matter de-confined?
— What is the equation of state?
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Nuclear Madification Factor

aAn

Discovery of dense partonic matter

| PHYSICTAL_ |

REVIEW

Articles published week eniling
15 AUGUST 2003
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« Jet Quenching

— Strong suppression of high
p+ particle production in
Au+Au collision at RHIC

— Direct evidence of formation
of very dense matter

« Absence of suppression in
d+Au collision
— The suppression effect is

due to high density malter
produced in Au+Au collision
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« The matter produced

at RHIC behaves like
fluid. It “flows”.

The flow is strong
evidence for rapid
thermalisation of the
matter.

The pattern of the
“flow” is described by
hydrodynamic
calculation of ideal
fluid (no viscosity)

- Near “Perfect Liquid”
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Success # Done

Discovery of a new form of dense matter is just beginning of the
further research |
There are still many unanswered questions

— Direct Evidence of de-confinement

— The mechanism of (apparently) instant thermalisation of the matter

~ Quantitative measurements of the property of the matter
Temperature
Energy density
Degree of Freedom
Hydro-dynamical properties

e elc

Investigation of deep inside of the dense matter using penetrating
probes is more and more important

— EM probes (direct photon, thermal di-lepton)

— Open Heavy Quarks (charm, bottom)

— High p; jets
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Highlights in the last year (1)
Direct Photon in p+p and d+Au

\Y - p+p PHENIX Prellminary

L

\s — 070 caten + Direct photon is among the cleanest
L Bande rerecentz et are probe of the dense matter
\ “\ﬁ\ ot | ¢ PQCD calculation agrees very well
B *\i\ o eyt s ‘with the direct photon data measured
2 B by PHENIX

— Direct photon is a calibrated probe of
the initial state
¢ In d+Au collision, the yield of direct
photon scales with the number of
binary N+N collisions
— No significant nuclear effect in the
initial state

« Important contribution by RIKEN and

IIHH‘

] l!!lill’ i

B Ho L ; RBRC personnel to these analyses
(I e 1) T T _

- UE . L — K. Okada (RBRC) p+p direct photon
o [%LAJ — H. Torii (RIKEN) d+Au direct photon
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Highlights (2)

Direct photon in Au+Au

zlé @ photons
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Size of Medium  Netcan

PHENIX nucl-ex/0503003
Accepted in PRL

- Direct photon is measured

in Au+Au collision as
function of size of reaction
zone

In Au+Au collision, the
yield of direct photon
scales with humber of N+N
collisions

In contrast, high p; =%
from quarks and gluons
disappear in the medium

Confirm again that the jet
quenching is due to the
effect of the dense matter
created at RHIC
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Highlight (3)
Is heavy quark stopped in medium?
At Iow pT, charm yield is NOT suppressed

At hrgh pT charm yreld is suppressed

S e U B B B B LA AL
5’:51'4:_ (e +e )f2 ]
12~ n’ Ri‘f\'s'o =
1= .
o.sig h — 3
S8 5T T
o2l gt 1 E
04— fhes E % -
o2t PHENIX preliminary E

Go' e R e

350

Heavy quarks (charm and
bottom) are probes of dense
matter created in RHIC
collisions

PHENIX pioneered charm
measurement at RHIC through
electron decay channel.

PHENIX measurement of
charm production suggests that
charm lose significant energy in
the dense medium.

Important contribution by
RIKEN personnel to the
analysis

-~ T. Hachiya (RIKEN, JRAZ2)
- YA



8¢1

Hightlights (4)
Does heavy quark flow like light quark®?

<51

0250 pinBiag
02:_ heavy flavor e +¢’

015"

=1

.

)

% - =
y -

03—
- AutAU@\E200GeV - vith cham flow

- ——without charm flow

0.05 —

PPIE nucl-ex/0502009

—Illllllll 1111 IIIl'l_lll'lllliilllllllll

0 05 1 13

2

25 3 38 4
pr (GeVic)

PHENIX has measured significant
elliptic flow of electrons from charm
(heavy quark) decay.

The present data (RUN2) is
statistically limited, and we can not
conclude if charm quark in the
medium flows or not.

Measurement of charm flow is
important to determine the property
of the dense matter.

Much improved data from RUN4
Au+Au will be available soon.
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Coming soon
Jhy in Au+Au --- probe of deconfinment

£ ~~.] ~50% of total data from 035571‘: e l{is predlcated that J/ Wy
RUN4 Au+Au | meson (bound state of ¢
Iy and cbar) disappears in
RV -, de-confined medium.

: ‘hf%;‘% y  The first measurement
3 i of J/y by PHENIX in
T el RHIC RUN2 (2001-2) is

Run4 vs Run2 data: expected improvement |.nc_onclu51v.e que to
limited statistics.

g Run 2 ™ PHENIX Data
S ot e AN
8 adk ﬂ S * The results from much
o - . u [
T Conlesconce higher statistics RUN4
EN . Model . data will be avallable
b - e
£ ozt —% soon.
'i’ 0.168—
S X= . | —

0.05% *vk-*w 5 R R R RN i"i"i’;\'r';,m

R T T T e T

Number of Participants
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More data from RHIC/PHENIX

RUNS Cu+Cu

o 9
2 4.84 nhy'live ZDUNS (=2, £I~ B)
& . = Live ZDCNS
b 4'5 - ¥ ZDONS CAD Delivered {sealed)
Q I Live BBCLLY {jvtx|<37.5cm)
@ 4 | Resorded BECLLY {vixj<37.5cm)
g - e ||y BRCLLISMUNDLLY 52D
"o — = e Live BRCLLISMUIDLLY N2D
£ 3.5
%' 3 ~ PHENIX Goal 2.9 nb'live BBCLL1
] e & e v v 6 e s e s e ke o w8 e w
k= -
H2.5 - !
E L
£ 22 PH ENIX & _
150 (Final=3/6/05) »
E F 3.06 nbt live BBCLL1 (6=2.91 b)
11— 8.6 B BBCLL1 events sampled
- 1.08 B BBCLL1 events recorded
0!5 -_—:—
o P PO Tt st M R T AT W R MY N Y R R Lot
0 10 20 30 40 50

Days Since January 18

Experiment to study
“size” effect

Important step to
complete baseline
program at RHIC

Data taking has been
completed. Exceeded
the goal of amount of
recorded data.
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Online results from RUN5 Cu+Cu

Central Arms North Muon Arm

Esoof
5opH » Subtracted - Fit
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Invariant Mass (GeV/c ) . Invaﬂnntlhn(eowc)

Heavy lon part of RHIC RUNS (Cu+Cu)

South Muon Arm
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af 6062+/-195 JIFDprtp—
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15 2 25 3 35 a4 45 H!
Invarant Mass {GeVic )

is very successful

Clear signals of J/y (a very rare but important probe of dense
matter) are seen in online reconstruction. 1,200 J/y—>ee and

10,000 Jhy—>up are reconstructed
Polarized p+p part of RUNS is on-going
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For Future --- detector upgrade

* The present PHENIX
detector is already
very successful.
However, in order to
explore full physics
potential that RHIC
provides, upgrades of
the detector is required.

« Several upgrade
projects are underway.

~ » RIKEN/RBRC have
s @SN  large contribution to
' | — VTX detector upgrade
— Forward muon trigger

Hadron Blind

Detector upgrade

Nose cone calorimeter

Forward muon
Trigger upgrade
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PHENIX VTX upgrade project

~ » Key device to improve heavy quark
measurement at RHIC/PHENIX

— ldentify charm/bottom decay by
precision tracking (o ~ 50u)

— Provides near 4rn acceptance

* Project lead by RIKEN/RBRC
— Y. Akiba (RIKEN) : project manager
— H. Ohnishi (RIKEN): pixel manager
— A. Deshpande (StonyBrook/RBRC)

strip manager

* Proposal submitted to DOE in summer

— 72 authors from 14 institutions
* Recommended as the 15t priority in

NSAC subcommittee report in

. November 2004
__ FPixel .+ Aims to complete in FY2008




VTX upgrade activities in 2004-2005

if U i § woes
People in a new clean room
for strip detector test at BNL

*

Pixel readout chip test  Pixel sensors bump Dr. Kano(RIKEN) Produced ASIC-
at CERN bonded with the designing an ASIC

read-out chips for pixel detector
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RIKEN/RBRC in PHENIX

2 deputy spokesperson (out of 2)

Y. Akiba (RIKEN)
M. G-Perdekamp (U. lllinois/RBRC)

4 EC members (out of 13)

Y. Akiba (RIKEN)

M. G-Perdekamp (U. lllinois/RBRC)
A. Deshpande (StonyBrook/RBRC)

N. Saito (Kyoto/RIKEN)

3 PWG conveners (out of 14)

M. Kaneta (RBRC - Tohoku)
X. Wei (RBRC)

A. Deshpande (StonyBrook/RBRC)

PHENIX VTX upgrade project

Y. Akiba (RIKEN): project manager

H. Ohnishi (RIKEN): pixel subsystem manager

A. Deshpande (StonyBrook/RBRC): strip subsystem manager
Large role in PHENIX operations and data analysis

—  PHENIX Level-1 trigger system

— . Local Polarimeter

— RICH

- EMCal ,

—  Muon arms

Large role in PHENIX publications ,

— 7 out of 14 published/accepted journal publications (most of them Phys. Rev. Letters) since
the last MSC meeting have RIKEN/RBRC members in the paper preparation group
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Summary

A new form of dense matter is created in heavy ion
collision at RHIC

— Suppression of high pT particles due to matter effect

— Large elliptic flow --- the matter behaves like a perfect liquid

The next step of heavy ion physics at RHIC is to
determine the property of the newly discovered matter

— Importance of penetrating probes such as direct photon, heavy
quarks and Jhy.

— Upgrade of the detector for better measurement of the mater
properties and to explore the full physics opportunity

RIKEN and RBRC plays very important role in this
rapidly evolving field of phyiscs



RIKEN's CURRENT STATUS AND FUTURE
PLANS

Yoshiharu Doi
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RIKEN's Current Status and Future Plans

Yoshiharu Doi

Presentation
11" Meeting of The Management Steering Committee of
RIKEN BNL Collaboration

May 27, 2005
Brookhaven National Laboratory, Upton, NY
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~ History of Centers in RIKEN since 1958 |
/ Semi-Public Research Institute RIKEN since 1958 \

< ~ Institute Laboratories >
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- Office of the
. President

- RIKEN Wako Institute | 4
e RIKEN Discovery Research Lostitute/ RIKEN Brain Science Institute/ RIKEN Frontier Rescarch System/
Integrated Volume-CAD System Research Program/ Nanescience Research Programy Initintive ResearchUnit/
Sponsord Laboratories/ DRI*_I_?RS Promotion Division/ Brain Science Promotion Division

'RIKEN Tsukuba Institute.' SR

s RIKEN Bio Resource Center/ Bio Resource Collaborative Groups/ Tsukaba Research Promotion Division/

Tsukuba Safety Center

RIKEN Yokohama Institute

RIKEN Genomic Sciences Center! RHKEN Plant Science Center? RIKSN SNP R_eswrch Center/

RIKEN Research Center for Allergy and Immunology! Yokohama Rescarch Prometion Division/

Yokohama Safety Center

RIKEN Kobe Institute

Center for Developmental Biology/ Kobe Research Promaotion Division/ Kebe Safety Division

RIKEN Wake Main Campus

Planming Division/ Public Relations Office/ General Affairs Division/ Personnel Division/ Finance Division/

Contract Management Division/ Technology Transfer and Research Coordination Divisiow/ Safety Division/ ;
Facilities and Utilities Division/ Advanced Center for Computing and Communication/ Internal Auditing Office
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ako Main Campus (1956 - )

Discovery Research Institute (2002-)

Frontier Research System (1986 - )
Further Advanced Flelds

Brain Science Institute (1997 - )

:Understand/Protect/Create the Brain

Tsukuba Institute (1984 -)

:Recombinant Technology
Bio Resource Center

Genomic Sclence Uenter{DRA, Gunome, Protelng)
RIKEN Genomic Sciences Center
RIKEN Plant Science Cender
RIKEN SNP Research Center

£F | . Research Center for Allergy and immunology

.. . Biomimetic Control Research Center
teou (Nagoya) (1993 - ) |
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e in»ﬁikéhm R

Frontcer Researchers . 137

| Brain Science Institute Researchers, 5356

Genomic Science Center Researchers 214

‘| Plant Science Center Researchers 100

| Center for Developmental Biology Researchers 243

| SNP Research Center Researchers 81

- | Bio Resource Center Researchers ‘ 17
Contract | Research Center for Allergy and !mmunology Researchers _ 153
o R T e 1,480
Tenure Researchers ( Tentative name) 9

Initiative Research Unit | 24

Special Postdoctoral Researchers 192

| Junior Research Associates 139

Other Contract Researchers _ _  __________________ | _ 371
Total T R 735

V/S/t/ng Scientists 1,789

Student Trainees 1,083
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South
Americg

North America

OverSeas by COuhtryAOrigin

as of 1st. October, 2003

Asia

Korea China Bangladesh India
Indonesia Iran Israel Malaysia
Philippines Sri lanka Taiwan
Thailand Vietnam ' |




SCIENCE AND TECHNOLOGY

fé
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RIK M

“RIKEN is to conduct comprehensive research in science and technology .....

and also fo disseminate the results of research.” (the RIKEN Law Article 1)

10




G
sy

11

CI.Comprehensive research institute of natural sciences with outstanding tradition)

(2. Broad research activities from basic science to applications

| (3. Flexible organization to accommodate wide variety of researches.

Q Cooperation with industries and promotion of technology transfers

(5. Wide variety in budget sources and competitive distribution of budget

<6. Widely open research sys‘tem

(7 . High international reputatio_n and strong international collaboratioxis

@. Multist'age review and advisory system from research to administration

)
)
)
)
)
)
>
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RIKEN
- Advisory
Council

President

The Board of
-~ |[Executive Director

Director, DRI

Director, FRS

RIKEN Brain Science Instituie
Director, BSI

RIKEN BioResource Center
Director, BRC

< Director, GSC

e

RIKEN Genomie Sclences Contor

RIKEN Plant Scienee Centen
Director, PSC

RIKEN SNP Reseai'ch Center
Director, SNP

RIKEN Research Center for

Allergy and Immunology |

Director, RCAI

[ RIKEN Center for Developmental Blologv

Dlrector CDB

RIMEN

> Review

ey

Report
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RIKEN President Noyori’s Initiative

1. RIKEN’s Public Image

2. RIKEN’s Place in Science and
Technology History

3. RIKEN’s Research Environment
- 4. RIKEN’s Global Role |
- 5. RIKEN’s Contribution to Culture
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1. RIKEN’s Public Image

Improving the general public’s

perception of RIKEN.

Encouraging research and staff

members to appeal to the general

public about the |mportance of
technology. -

14
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2. RIKEN's Place in Science
- and Technology History

« Continuing to advance the sprit of RIKEN.

- Stressing the importance of research
gualétyand differentiating the RIKEN
rand.

- Enhancing the intellectual property
system to better contribute to society
and industry. |

15
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3. RIKEN’s Research Environment

Freedom to conceive novel ideas.

Development and pursuing innovation
research themes

Turning out independent researchers
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4. RIKEN’s Global Role

Building stronger relationship
between industry and society.

Creating advancements in science and
technology, which cannot be best

~produced by universities and
industry, that benefit society.
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5.RIKEN’s Contribution to Culture

Improving oneself and improving
RIKEN’s culture.

Disseminating information to society
and the social sciences.

18



BNL AND RHIC: CURRENT STATUS AND
FUTURE PLANS

Samuel Aronson

159



BNL and RHIC: Current Status
and Future Plans

11t RBRC Management Steermg
Committee Meeting

May 27, 2005
BNL

191

S. Aronson, High Energy and Nuclear Physics

NP: RHIC Luminosity Upgrade, eRHIC, Lattice Gauge Theory
HEP: Brief updates — ATLAS, RSVP, LSST, VLBvO

= Office of o
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2ol Sejence NATIONAL LABORATORY
L& DEPARTHMENT OF ENERSY
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BNL Status and Future Plans - S. Aronson
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RHIC Performance this year

m RHIC and experiments in Run 5

5200
e Successful Cu + Cu run at several >
energies . e

e Polarized p + p run in progress with ™
excellent polarization (~ 50%), thanks =

to the warm partial Siberian Snake in
the AGS

e Plan a spin development run at s> = *®

-
5 410 GeV for future spin runnin 100 e eitii
&
1 1.5 2 25 3 35 4 45 z!i
Invariant Mass (GeVie )
RHIC Run 5 (62 GeV) Final Delivered Cu-Cu Luminosity RHIC Delivered p*p* Luminosity Run-§
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v = g b Date (as of 05.18.2005)
: BNL Status and Future Plans - S. Aronson BROOKHAVEN
4.8, DEPARTMENT OF ENERGY

NATIONAL LABORATORY



RHIC Accomplishments in last year

m “White papers” —
collaborations assess the  unting the Quark Gluon Pl
' . untmgt e LJuark Wsiluon rasma
ﬁrSt i years 10f I‘unnlnE Resuits FROM THE FIRST 3 YEARS AT RHIC
L BN interna report; to e AGIEITHENTS B TRE EFIRIARTAL C DLLASTIATINY
published in Nuclear Physics A Ao 15,2995

e Strong evidence of a rapidly
thermalized, strongly coupled
(i.e., low viscosity) liquid
e Consistent with predictions
based on a plasma of quarks
and gluons (sQGP)
m Press event at the April
meeting of the APS in
Tampa, FL

¥91

PHENIX '&?Am.i"é .

Beltivx ooy i Col B R0 « Broald cuas NP fasganty Upes e WY 195000

o Gt of

é,ﬁ:‘ Solzpee »55??’4(5;'@!5”

= Office of | e
aff;“ ) Science BNL Status and Future Plans - S. Aronson BROOKHRAEN

NATIONAL LABORATORY
U8, DEPARTMENT OF BNERGY :



Liquid?

m Hard to see what’s liquid about a RHIC collision

<91

m The liquid lives for 1023 seconds, and is long gone
before the particles reach the detector

m But the liquid structure is imprinted on the
distribution of these particles, much as the structure of

the early universe is imprinted on the cosmic

microwave radiation we see now
TEEEL D Office of
b | Science BNL Status and Future Plans - S. Aronson BROOKHAVEN

o NATIONAL LABORATORY
U.5. DEPARTHMERT OF ENERGY :




What is the “imprint?”

m Modulation of particle flux
relative to Reaction Plane
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RHIC budgets and politics

m Very successful Research and Operations!

m Dire budget projections for FY 2006-2010
* 2006 - President’s Budget 2 12 weeks of operations
e 2007-2010 — Flat dollar budgets = lights out?

m NSAC is considering how to deal with this

= * Possible shutdown of one of NP’s major facilities —
i RHIC or CEBAF - recommendations on June 15

 The RHIC community made a very strong
presentation to the NSAC sub panel

m Recent positive development

* Restoration of 2006 RHIC budget and increases for
science proposed in the Congress

Eoz ﬂa """"" ' Office of
L}m“}/’” Swer;ce BNL Status and Future Plans - S. Aronson Nﬁﬁ?ﬁ'ﬁﬁﬁ‘lﬁ%
.8, DEPARTRIENT OF ENERGY



RHIC’s Future Science Goals

m The RHIC scientific community is continuing to
develop the scientific program and the tacility
requirements for the future

m We want to explore the role of QCD:
e At high temperature and density |
e At high energy and low x
e In the structure of hadrons

m Science workshops are exploring these topics

http:/ /www.bnl.eov/phyvsics /rhicllscience/default.asp
http / /www.phenix.bnl. ,qov/ WWW /publish/abhay/Home of EIC /

891

27 Office of
é;\;é:‘l | Science BNL Status and Future Plans - S. Aronson N%ﬁgglfgg‘gﬁ)l!y

U6 DEPARYMENT OF ENERGY




The Fundamental Questions

m Future - RHIC and eRHIC should address:
e QCD at High Temperature and Density

— Is there a QCD Phase Transition to Quark Gluon Plasma
and what are the properties of QGP?

— Thermalization: How do we evolve from a low-entropy initial
state to a maximal entropy state on short time scales?

— Deconfinement: Do the degrees of freedom in the initial
state have deconfined color charges?

— Chiral Symmetry: Is chiral symmetry restored at high
temperature and density?

69T

' Office of BROOKHEUVEN

-] Science BNL Status and Future Plans - S. Aronson NATIONAL LABORATORY
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The Fundamental Questions N

* QCD at High Energy and Low x

— What is the nature of gluonic matter inside of strongly
interacting particles?

— Is this gluonic matter a color glass condensate and is it the
source of Quark Gluon Plasma?

— Is the low-x structure of nucleons in nuclei different from
that of free nucleons?

e QCD and the Structure of Hadrons

~ How do gluons contribute to the proton spin?

— What are the patterns of u, d and s quark and antiquark
polarizations in the proton?

— What orbital angular momentum is carried by the quarks
and gluons in a proton?

— What role does transverse spin play in QCD?

0Lt

s Office of |
&@%@ Science BNL Status and Future Plans - S. Aronson EROOKHEAEN

NATIONAL LABORATORY
W8, DEPARTRIENT OF ENERGY
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Evolution of RHIC

m The key observables to address these
questions require
e Accelerator development

— Luminosity increase «—
— Electron capability < — RHIC II

e New detector capabilities eRHIC
— PHENIX and STAR upgrades
— New et+p/e+A detector

EWAY

3 slides from the DOE Office of Nuclear Physics follow
See back-up slides for more RHIC II/eRHIC details

it et RN , e

oo Office of .,

wme | Selence BNL Status and Future Plans - S. Aronson Nﬁﬁ?g'f,ﬁfﬂﬁﬂy
4.8, PARTMENT OF ENERGY o



U.S. Department of Energy

Office of Science
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Investments in New
Capabilities

Priorty  Program

"
JE}J(’ P o‘*m

v

Nuclear Physics Facilities:

Rare Isotope Accelerator (RIA): near-term priority
Nuclear properties at the limits of stability; origin of the heavy elements
stellar burning; fundamental symmetries of nature

12 GeV CEBAF Upgrade at TINAF: near-term priority
Quark structure of the nucleon; tests of fundamental symmetries;
mechanism of quark confinement

Underground Detector Experiment: mid-term priority
Double beta-decay measurement; masses of neutrinos;
revision of Standard Model

RHIC luminosity upgrade (RHIC II): mid-term priority
Upgrade RHIC’s luminosity by x10 to study new states of matter at high
energies and densities with rare probes; direct probe of the early universe

Electron-Heavy Ion Collider (¢eRHIC): far-term priority

\ 4

First electron-heavy ion collider; unique capabilities to study the quark
structure of nucleons and saturated gluonic matter



U.S. Department of Energy

Facility Strategic Plan

{\Ce Of

I
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~2 O 1 2 € Nuclear Matter - Q“a‘E' ©
Office of Sciencem n - m——— . rovnmma—
Properties of nucleons ConQﬁlilaerment

CEBAF 6 GeV : elLiC

CEBAF _ — CEBAF 12 GeV
Characterize QGY &
Establish QGP Short term uparade _ new forms of matter
RHICI N si—— Pates :>» RHIC II
RHIC —
Nucleon Spin Structure Saturated gluonic matter
RHIC polarized protons eRHIC
RHIC Spin ' -
Detector upgrades
New nuclear regions
Origin of light elements
Current
i
HRIBKE I
HPTL IRIS2 ORIC
New nuclear regions Limits of nuclear stability
Origin of light elements Origin of heavy elements
Current —
ATLAS ‘ — '
= > GRETINA > GRETA
Cf Upgrade New regions of nuclear structure




Cost of 20 Yr Initiatives

Office of Science

Project | 04 05 |06 07 08 9 (10 |11 12 13 14 15
AY$M
RIA 6 6.7 |4 16.3 | 54.3 | 66.7 170 | 222 185 | 107 100 | 58
12GeV | 0.7 |23 |45 19.5 | 415 |64 62 34 5.5
Upgrade

. Double 2.3 129 | 16.3 17.2 | 7.1 1.8 0.4

=~ | Beta _
eRHIC/ 2 5 32 51 122 213 | 150 105
RHICII

Incremental Operating costs of Facility:

RIA $100M DOE accepted
12 GeV $ 15 M escalation rates for
| projects is 2.7%

eRHIC/RHICII $50 M
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Latticé Gauge Computing

m New Group Started in the BNL Physics
Department this year

m Led by Frithjof Karsch

e Focus on finite temperature lattice QCD

m Synergistic with RBRC, BNL NT and BNL HET

m Resources (RBRC and DOE QCDOC machines)
represent a 50-fold increase for finite T QCD on

the lattice

LA

i g‘ —== Office of
&»‘“‘:» 4 Smenae BNL Status and Future Plans - S. Aronson Nﬁﬁ?&'ﬁﬂ%&%ﬂy
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H High Energy Physics

T Office of Bnnnunmiﬁn
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HEP progress (in brief)

m ATLAS

e BNL is the host lab for
US ATLAS

e Very successful
construction effort
nearing completion

* Look forward to very
exciting physics from
day-1 (2007/8)

 Physics Analysis
Center at BNL is
growing

LIT

" Office of
| Science BNL Status and Future Plans - S. Aronson

.8, DEPARTMENT OF ENERGY
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HEP progress

m RSVP

« BNL scientists involved in
both the MECO and KOPIO
experiments

e Successful recent reviews
— Scientific merit (HEPAP)
— Cost/schedule (NSF)

* Look forward to project
approval by NSB
(September), followed by
project start

8LT

I S N R i gty pem ¥ SRS G N
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HEP plans

m LSST

 Ground-based survey telescope;
NSF, DOE, private funding sought

* Deep, wide-field, frequent sky maps
in 5 filter bands

e Broad science program including
Dark Energy

« BNL playing a central role in
development of the camera —
sensor development

e R&D starting, with private and NSF
funds.

e Looking for DOE support, awaiting
Dark Energy Task Force report

6LT

1.93M
©a) }

mm

éw{;ﬂ,f Science BNL Status and Future Plans - S. Aronson BROOKHAAEN
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HEP plans

m LSST

e BNL involved
in weak
gravitational
lensing science
and in data

” management
o If LSST goes
ahead soon, it L5t e lseT :
could be - Lof e Planck
: : L e ——LSST+Planck ]
operational in 0sf o e e
2012/13 W _ ook S
a A tel "'._~___\ ‘.'. ]
10} .
15} ;
oA Office of e o NI S N
ﬁ%g ;f{;; ;,ﬁ‘f:ﬁffe BNL Status and F1 13-z -l i;o 090807 E'fﬂfi"lgﬁ'gy
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HEP plans |

m Very Long Baseline Neutrino Oscillations
e BNL Approach:
— MW-class proton driver e
producing
— Broadband v super beam

traveling ~2500km to o

To RHIC

To Targel Station

BOUSTER

200 MoV . i

AGS
126GV -3 280
Q4 seycle me 2.5 Hn

[y
@ — MTon-class detector
Vi DISAPPEARANCE
:
S | BNL-HS 2540 oy
“ ! sia’28,, = 10
2 L and = 203 6V
1 MW, 0.5 MT, 5¢7 sec
1B - coe - Nov oscillations: 13200 evts
s VYt G5CiTationg 5936 aviy
e - wanemens Backgronnd: 1L11 evts
50
1 Office . T iy
| Scieny ° o TTETEETET TV "0 |re Plans - S. Aronson - BROOKHEAEN

e

NATIONAL LABORATORY

1.5, DEPARTMENT OF ENER Reconstrucied v Energy (GeV)
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HEP plans

s BNL will compete for this phase of neutrino
‘oscillations

e Currently involved in MINOS at Fermilab and
planning to collaborate on reactor #;3 experiment

m BNL is developing R&D proposals for further
development of super beam and detector

281

k= a/; . - ' LT F
el Sclence BNL Status and Future Plans - S. Aronson N%!E,Rg'f,!g{;‘g%%
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Summary |

m BNL present and future in nuclear and particle
physics is centered on RHIC

m BNL has significant other activities — at CERN
(ATLAS) and probably also at the AGS (RSVP)

m Plans for the future (in addition to RHIC and
eRHIC) involve accelerator (neutrinos) and non-
accelerator (dark energy) physics

€8T

P2 f; "ﬁ: fome of I
S ﬁcieﬂ{:e BNL Status and Future Plans - S. Aronson BROOKHEVEN
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Additional material

¥8T

“ Office of :
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RHIC II Physics drivers

m Establish the nature of the matter created in A+A
collisions

m Determine if the description of such matter as a quark-
gluon plasma is appropriate, quantify both the
equilibrium and non-equilibrium features of the medium

m Will require measurement of

e Particle production at high py

—inclusive sp ectra of ID’d hadrons

—multi -particle correlations and jet production.
e Direct vy, y+jet and virtual y (I*I-) production.
e Light and heavy vector mesons (p, ®, J / v, Y)

* Heavy flavor (c, b) production «stpiTenix | Direct y (preliminary)
m Dominated by rare probes i

© 3.5

=» This program is o 3
luminosity limited 25

155241

Illl

|H

|HH|H|IIIIII|IHI

ﬁ; Office of R =
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RHIC II Physics drivers

m Establish the nature of the matter created in A+A
collisions

m Determine if the description of such matter as a quark-
gluon plasma is appropriate, quantify both the
equilibrium and non-equilibrium features of the medium

m Will require measurement of

e Particle production at high pr

—inclusive sp ectra of ID’d hadrons

—multi -particle correlations and jet production.
e Direct vy, y+jet and virtual y (I*IF) production.
e Light and heavy vector mesons (p, ®, J/v, Y)
e Heavy flavor (c, b) production e

981

. - s d+Au FTPC-Au 0-20%

m Dominated by rare probes T § —ppmintias A

g I |
» This program is = A Ce"“aq'fﬁ

8 01 i, . —

luminosity limited £ A fﬂt fy ]

= T , ' ah

D277 Office of oft+d LS ’?'%wf‘*bf*’w* kg oS

t{:;;*mM 1 Science BNL Status and Future Plans - b Pedestal&flaw ooy ——C

2 3 a
A ¢ (radians)
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‘RHIC 1II Physics drivers

m Establish the nature of the matter created in A+A
collisions |
m Determine if the description of such matter as a quark-

gluon plasma is appropriate, quantify both the
equilibrium and non-equilibrium features of the medium

m Will require measurement of

» Particle production at high pr

—inclusive sp ectra of ID’d hadrons
—multi -particle correlations and jet production.

e Direct vy, y+jet and virtual y (I*lI7) production.
e Light and heavy vector mesons (p, ®, J/wv, Y)

L8T

e Heavy flavor (c, b) production Do | jﬁ@:wupfo.;pzca.ahmmghmg, T
O R W M X g

m Dominated by rare probes - o [}
®» This program is I e m— |

L. Thimsn

luminosity limited

ChIndf=1347118

| Preh =016

P s U

oot B 23001 002458

. P OAMR00EH -

ST IR emisosnt |
.. =481
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‘RHIC II Physics drivers: spin & p-A

m Precision measurements, via polar1zed p+p
collisions, of

e the gluon structure of the proton 11—
. F RHIC pp s = 500 GeV
e the spin structure of the gluon i mmw(;’ph

e proton sea—quark distributions | ¢4 (W)

e B M e B e B 05

: Ve =200 GeV .:"‘ Vs = 500 GeV
Reod Ind=03s ] ﬁz. 0.4 ] 4] < 0.38

-1

Ag/q

.2 FGRSV MAXg” 1 ]

{4

GRSV STD ] GRSV MAXE

Ar g =AG/C

“_l . K '_,.--'“’"'—d—.——.’_- (‘RS“ STD -“‘P'__-"'“ ‘

—.5

L )
0= My \

-
[— GSOSLOA) "\
| —— BS{Ag=) N
'—] .{.’ - I} 3 1 AR I M |
B~ pi’!




RHIC II Physics drivers: spin & p-A

m p-A collisions at RHIC are complementary to e-A
collisions and will provide

e information on q and g shadowing down to x = 103, comparable
to fixed target e-A experiments but at much larger Q2

e the flavor symmetry of the nucleon sea at small x

 New information on nucleon structure via study of hard processes
in coincidence with forward p or n

681

Example: PHENIX
central and
muon arms’ Xg
and x, reach in
J /vy production

= Office of
1 Science

1.5, DEPARTRMENT OF ENERGY

1.2

1.1

-e.g.,d /yor Dreil?}l—Yan

J/¥ A—Dependence
- ¢ EB86 dota, 5V* = 38.8 Gev

- ¥ dAU N, 64 = 200 CaV, W00
- o d-++Au run, sV = 200 GeV, e'e”

}———#ii++iiﬂ

faunruts

1.3
[ J/¥ A—Dependence
1+2 n
- & EB56 data, 8V = 38.8 GV
i1 b + d--Au run, sV = 200 eV, it
-0 dAu run, 8V = 200 Gev, e'e”
1 He— e s—
R stk a®
R =
0.9 | s
o |
o8 [ §
o7 | {
0.5 | +
0.5 '_ s .....1- . rsriel 1
10t 1073 1072 1g7! 1
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PH ENIX Central Arm Upgrades

s Enhanced Particle ID
* TRD (east) ‘,/
» Aerogel/TOF (west)

A PHENIX Detector
e PUC3 Centinl T (:2/§ ™

Magnes

06T

W Highp,,.

West Beam View " Eagt

/
High p; phenomena:
Aerogel/TOF

7, K, p separation to 10GeV/c

NW“ ‘Office of
&2 Seience

.5, DEPARYMENY OF ENERGY

charmlbeéuty: TRD
elrt above 5 GeVic

charm/beauty: VIX  pglitz rejection

displaced vertex
BNL Status and Future Plans - S. Aronson:

m Vertex Spectrometer

e flexible magnetic field
e VTX: silicon barrel vertex tracker

e HBD and/or TPC

e
i CONTTMAGHEL - L.

‘ ; ){ . %.’ LR COL
N e CEIRAL MAGNEL
i POIEPECE T\
i {
Y I
heS N @ ,y{;% ;{é;,nes A
o\ e
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ek om XL
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PN ¢
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IR SN | / 7, Lt VTX |
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: i L)
\‘:
\
3 B
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\ !

- gte- contiﬁﬁdh: HBD
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PH ENIX Aerogel detector
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The Aerogel detector is a

threshold Cherenkov counter

e Aerogel is a very low density,
Si0, — based solid

e It has an index of refraction
between gases & liquids.

* Identifies charged particles

in a momentum range

inaccessible with other

technologies.

Aerogel Cell
(11x22x11 cm?)

N\

Alummum Box

Aerogel in here
Status and Future Plans - S. Aronson BROOKHEAUEN

U.5. DEPARTIMENT OF E&ERGY
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PHENIX Forward Upgrade Components

m Endcap Vertex Tracker m Muon trigger
e silicon pixel detectors * U-tracker (MuTr or new)

m Nosecone EM Calorimeter * D-tracker (timing with RPC’s?)
e W-silicon (20-50 X/X,) | * Cherenkov |
* shower max 1 1] (]
e tail catcher

/
LT

1

/ , Cherenkov

Muon from i
hadron dec

\
\
\

Silicon endcap

//—

Muon from W

i77]
Nosecone . U-Tracker
Calorimeter =

‘charm/beauty & jets: gzit‘cher i
displaced vertex \ | ’ :

- J B | .

D-Tracker

/

Tyjet W,nn,x.: W and quarkonium: improved p-trigger

§§§—« ‘ Office of calorimeter -
| Science BNL Status and Future Plans - S. Aronson Nﬁﬁgg'fﬂ@gf&

{1.5. DEPARTMENT OF ENERGY
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ﬁf? STAR’s future program needs:

= A Barrel MRPC TOF PID information for > 95% of kaons
and protons in the STAR
acceptance; extended scientific
reach for key observables

~m A micro-vertex detector precise (3 um) hit position close to
the primary vtx —» D’s ,flavor-
tagged jets

= A DAQ/ TPC FEE Upgrade new architecture / FEE — 1 khz of
| | events sampled at L3; effective
integration of 10 x more data

€61

m Development of GEM tech. Preparation for a compact, fast,
| next generation TPC for 40 x L
n Forward Tracking Upgrade W charge sign identification
m High Luminosity , 10 - 50 x the luminosity (10 nb-1)

integrated at RHIC up to 2010

D Office of L
L0 Sejence BNL Status and Future Plans - S. Aronson BROOKHAAEN

5 NATIONAL LABORATORY
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R The STAR Barrel TOF | o (R
— | Prototype Tray ||
Construction }_

¥

Ern

MRPC design developed
at CERN, built in China

Hoaty cond hesgih-= 208 em
<ectrade gty = 202

pldwidl= 305 e ingat - 02m

Doy couth thickness « dmm

[ ] nigter glass thickness = LInun

= = G co— T e ghes ks = 0 54m

761

18 gap = 0miron

- " Board thickncss = 0.5
L o . ’ . 7
My s ,%‘g (RN Y I SRR }_1; 2 L’ 2 &i}«*‘ (R AR NI T I W [eIey O . - x
NN TATE T RANA T AT Tk TARE LA A RNTRTa Sa TRV L8 RATAT LY ot N el g h b or
R
fmnee ghss lengeh = 00 em M ot tonphiey CTB Tray
outer ghivs Rugth = 20 6 em ED
PCbord knath = 210 e [:I owey contt

c~ 70 ps, 2 meter path EMC_

Strong team including 6 Rails
Chinese Institutions in place

Completed Prototype 28 module MRPC
: BNL Statu TOF Tray ir_lst-alled in STAR Oct. ‘ 02 in
1.5. DEPARTIIENT OF ENERGY - place of existing central trigger barrel tray
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‘gﬁf\’ The STAR uVertex detector

® Open charm
e Charm quark yield
— Reconstructing DO

e Charm hadron
chemistry

— Reconstructing D*, D *,
... decays

e Charm hadron flow |
— Constructing D° spectra
m Open beauty
e Identifying B mesons
m Identifying heavy
quark jets

S61

Thin silicon ladders
under tension

7~ Office of
e Sefence BNL Status and Future Plans - S. Aron

LS. DEPARTRENT OF ENERSY



eRHIC

m What is eRHIC?

e Added capability to
collide polarized electrons
with the heavy ion and
polarized proton beams

at RHIC

— S. Ozaki will discuss
machine configuration
and options

m Why do we need eRHIC?

e Many fundamental issue in QCD can be addressed
with a high energy collider capable of studying
polarized deep melastlc scattering

oy

96¢

7= s T Office of e
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Scientific Frontiers Open to eRHIC

m Nucleon Structure: polarized, unpolarized e-N scattering

e Role of quarks and gluons in the nucleon
—~Unpolariz ed quark & gluon distributions, confinement in nucleons
~Spin structure: polariz ed quark & gluon distributions

e Correlation between partons
~Hard exclusiv e processes = Generalized Parton Distributions (GPD’s)

m Meson Structure: |

e Mesons are goldstone bosons and play a fundamental role in QCD
m Nuclear structure: unpolarized e-A scattering

* 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
m Hadronization in nucleons and nuclei

e Effect of nuclear medium |

 How do DIS’d partons evolve into colorless hadrons?
m Partonic matter under extreme conditions

e e-A vs. e-p scattering; study as a function of A

BNL Status and Future Plans - S. Aronson Nﬁﬁ?ﬂ'ﬁﬂfﬂﬁﬂy

.5, DEPARTMENT OF ENERGY
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Why use a Collider for DIS?

m Past polarized DIS experiments: in fixed target mode
m Collider has distinct advantages --- Confirmed at HERA

Fixed target 1 Collider

nucl. frag.

nucl. fragments

861

“m Better angular separation between scattered lepton &
nuclear fragments

« - Better resolution of electromagnetic probe
e > Recognition of rapidity gap events (recent diffractive physics)

m Better measurement of nuclear fragments
m Higher center of mass energies reachable
m BUT: tricky integration of insertion, beam pipe & detector

A= Office of
- f.:f"?” Science BNL Status and Future Plans - S. Aronson BROOKHPAUEN

NATIONAL LABORATORY
U.5. DEPARTIMENT OF ENEREY -
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Proton g,(x,Q%) low x eRHIC

Fixed target experiments 1989 - 1999 eRHIC 250 x 10 GeV, L = 85pb-'/day

9
- I g ,
2 [ 400 inv. pb of eRHIC
O EME et ————— : ------------
m SMC ——
085 A EHM3 —m
[3?:1 GE.VE J— —
%= 10GeVE oo
065
%
0353
0.0s
10 days of eRHIC run
Assume: 70% Machine Eff]
il .| i 70% Detector Eff]
-0:25 -
10 10 X sl sl el
10 10 10
Studies included statistical error & detector smearing
o to confirm that asymmetries are measurable. ,
?%§;g§§§ No present or future approved experiment will be ERCOKHEAVEN

4.5, DERPARTMENT OF SNERGY

able to make this measurement NATIONAL LABORATORY
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Polarized Gluon Measurement at eRHIC

m This is the hottest of the experimental measurements
being pursued at various experimental facilities:

« HERMES/DESY, COMPASS/CERN, RHIC-Spin/BNL &
E159,160/SLAC

» Reliability of applicability of pQCD without doubt leaves only
RHIC - |

m Measurements at eRHIC: complementary with RHIC

2m Deep Inelastic Scattering kinematics at eRHIC
e Scaling violations (pQCD at NLO) of g, 2 15t moment of AG
* (2+1) jet production in photon-gluon-fusion process = \ Shape of
e 2-high p; hadron production in PGF - J 4G{x)
m Photo-production (real photon) kinematics at eRHIC
» Single and di-jet production in PGF
* Open charm production in PGF

P75~ Office of ‘ L
vt | Science BNL Status and Future Plans - S. Aronson BROOKHAAUEN

NATIONAIL LABORATORY
U.S. DEPARTMENT OF ENERGY ’
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Detector Design (I)... others expected

Basic Setup f

Parton Side .
—— Lepton Side =P

¢ Hadron Side

quton Side

Iron Yoke ~ Instrumented 3
| Muon Detectors \ NN Superconducting Solenoid

. | Endcap
EM Calorimeter

)

- m Magnet

ey
(=}
e

0990948

Endcap

- Office of
= Seience

U.S. DEPARTMENT OF ENERGY
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Detector Design (I)... others expected "

Basic Setup f
Parton Side .
«f—= Hadron Side . Lepton Side ==
| 1 I I |
20 0 0 10 20
meters
Lepton Side
Hadron Side
i i P |
| Actg_ye b%apl pipe] §;&5 .
~.\ & DE i
2}\‘ x - -
B «@&fﬂwm el
FUHL e
Synchrotre | N
Radiation \ ﬂ\
X . RN \ e N
High Rigidit 7 BN “ip |0 R23 - ‘
Spgectro?netg:" e Medium Rigidity §‘ﬂn L Synchrotron Photon
Y, e b4 Spectrometer )\\ Radlation Mask Tagger
L,_._sz.};‘Wux 'ﬁgiwsﬁmwmtm’ﬁ)ul B e s -5 1 ¥ ) 15 R 15 .2 5 “)} .
! Office of o
-1 Science BNL Status and Future Plans - S. Aronson BROOKHFATEN
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LSST Major subsystems

£0¢

- Office of | |
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Background: BNL involvement

m LSST is the focus of BNL’s development of a research
effort in astrophysics and cosmology
e Consonant with BNL’s research and technical expertise

e Complementary to current program in HENP — Exp. & Theory
-RHIC, ATLA S, RSVP, DZero

e Start-up supported by Laboratory discretionary funds, pending
future programmatic support (requested of DOE-HEP)

607

e Physics Department & Instrumentation Division

—15 scientists , students and engineers, currently devoting-a
few FTE to the project

—~A mi xture of LDRD funded and unfunded efforts

~»-90ffwe of e
Yo | Science BNL Status and Future Plans - S. Aronson BROOKHIAEN

NATIONAL LABORATORY
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Approach

m Scientific

e BNL’s interest within the broad science scope of LSST
is centered on the exploration and characterization of
Dark Energy

We are developing the capability to perform this
research primarily through weak gravitational lensing

— Map of galactic shear - map of the mass which acts as the
gravitational lens

— Photometric redshift data is used to give the third dimension
to this map

— Spatial distribution of mass as a function of redshift -
- cosmological parameters

902

(== Office of L
e | Science BNL Status and Future Plans - S. Aronson BROOKHAAEN
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Approach

® Technical

e Si detectors, infrastructure and systems; low-noise
electronics; data acquisition, computing and analysis

 Focal plane detector -

— Instrumentation Division expertise in Si pixel detectors with
low noise ASIC readout (RHIC, LHC, NSLS, etc.)

— We expect to play a leading role in the technology choice,
design and construction
* Data Management —

— Tera-scale Computing Facilities and major analys1s efforts for
RHIC and ATLAS (100’s of Tbytes/year, > 1 Pbyte logged so
far)

— BNL is considering the development of a “regional computing
facility” for LSST

L0¢

BNL Status and Future Plans - S. Aronson Nﬁﬁgﬁ'ﬁﬁ%&ﬁ%

o8, D&PARTEWE&T OF BEHERGY



48

BNL’s principal LSST role

m Focal Plane Array
e Detector design
» Technology choice

e Procurement/testing
 Assembly &

LSST Camera Orgamzatlon

Camera i
8. Kahn, Sci Lead 3
W. Althouse, Proj Mgr |

commissioning Camera Project Support ssssterp Engineering
| . « Project Controls & Risk Mgmt :
= Front-end Electronic ; Performarice & Safety Assur. Load Mesh. Engr
® e Significant effort Load Elect, Engr
J Oﬁwx lim'mt
—# of detector - e
modules, volume Pr-ae ~~ .
of data DatwEus | | FocalPlane Assy || Opties | | Mechanisms || Thermal | CameralsT
. Jo Gewr, Harwand % §. A s, BRI, 4 Talor, L1NL | LBl ELRL & Stiuctural || & Sup, Equip.
e More reliance on 7 51?"“‘“"“‘ | 1. thwrstou W, Craig
/ , . |
‘ O_iges A e ,‘.'!’:1

ASICs than any /
previous high g
performance N
imager for

astronomy/astrophysics

g@ == Office of
L Sejence

.5, DEPARTMENT OF ENERGY

Array, FE Elex |
V. Radeka, B, |

I
| |PoComoun | |n.

~

BNL Status and Future Plans - S. Aronson
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g {5 140, $184 ’J P ' y] Al SLAC urtess otherwise noted
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Si Detector Development and Processing at BNL

P e ————————————

m Instrumentation Division has Novel Detectors

e A unique ability within the DOE labs
and US universities to fabricate _ o ‘
complex silicon detector devices 1-sided 2D position sensing

— The highest sensitivity low noise ICs (PHENIX _bar rel VTX)

 Experience designing Si pixel ‘ ‘ S f/f’
detectors with low noise ASIC A
readout for RHIC and ATLAS

® Stripixel detectors

3 e+ Experience in large-scale 1ntegrat10n
of Sl-based detectors.

® Active matrix pixel sensors
" Edgeless detectors

" Semi-3D rad hard sensors

BROOKHEAEN

s - S. Aronson NATIONAL LABORATORY
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Tera-scale computing

m LSST: 600MB/sec = 18 Tbytes/night - Pbytes
~ in total

* Tera-scale computing resources, including sustained

computing power in the 1-10 Tﬂops range will be
required to keep up o

m BNL computing resources
operating on this scale now.
e RHIC Computing Facility
— RCF Linux farm & 3 Tflops
* US ATLAS Tier I Computing
Facility
* High speed networking capability K

— RCF/ACF enables data analysis at institutions WorldW1de

— Constantly improving speed

5 Office of ,
} Science BNL Status and Future Plans - S. Aronson Nﬁﬁ?ﬂ'ﬁ,ﬂ%’ﬂ%’ﬁy
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PROCEDURE FOR PROPOSING RENEWAL
OF THE COLLABORATION AGREEMENT
IN 2007

Chiharu Shimoyamada

211



Year 2004 . 2007 2008 2009 2010 2011
Month |V F‘MA{M JAS(*N'DJ JAS({NIDJ FMAlMJ JAS(*N‘DJ F|MAIMJJAS({NIDJ FiMAIMJJAS%NIDJM%CMJFH*«JJI%CM
JFY | JFY2004 | JFY2005 JFY2006 JFY2007 JFY2008 JFY2009
MoU Mol #2 ~Present 5 years~ MoU #3 -5 Years 7~
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NEW DIRECTION OF RBRC BEYOND
JFY 2007

Nicholas P. Samios
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New Direction of RBRC Beyond JFY 2007

Nicholas P. Samios

Presentation
11" Meeting of The Management Steering Committee of
RIKEN BNL Collaboration

May 27, 2005
Brookhaven National Laboratory, Upton, NY
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Propose d 5 year Extension of the RIKEN BNL MOU
- JFY 2007-2011

Request budgetary support in RIKEN both in the
RBRC Operations and the RHIC Spin Program

Partial History
1995 MOU RIKEN-BNL SPIN Physics Program

1997 | Establishment of RIKEN BNL Research Center
1997 QCDSP RIKEN-Columbia Agreement

- 1998 QCDSP Dedication
1999 RHIC Dedication

1999 Establishment of RBRC RHIC Fellows
Program '

2001 RHIC - Polarized Profons
2002 MOU Renewal RIKEN-BNL

2002 QCDOC RIKEN-Columbia Agreement
2005 QCDOC Dedication

2005‘ First Major Spin Run
2006 Request of MOU Renewal
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Physics Interests of RBRC:

States of Matter at High Energy Density
Investigate the nature of strongly interacting
matter in bulk |
Nuclear matter — quark gluon plasma

*Probe the Standard Model
*Spin Structure of Hadrons

*How are strongly interacting particles made from
fundamental constituents?

*How does the fundamental interaction of QCD
produce mass & confinement?

-Testé of Cabbibo, Kobayashi-Maskawa (CKM)
matrix

*Non-Perturbative QCD (Lattice Gauge)

*Measuring and Understanding the Gluon, Quark,
Anti-quark Distributions
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Activities and Accompllshments

*Participated in the establishment of the existence
of hot, dense matter that is composed of strongly
coupled quarks and gluons - the quark gluon
plasma. This is matter that existed 10
microseconds after the big bang.

*Developed a theory of matter at small x, the color
glass condensate.

*Spin structure functions: First measurements for
‘gluons

«Calculated next to leading order (NLO) production
of single pions and photons in proton proton
interactions, including spin.

«Calculations of spin structure functions using
lattice QCD.

*Explored the thermodynamic properties of a quark-
gluon plasma on a lattice.

eLattice QCD calculations of hadronic masses and
hadronic effects associated with extractions of the
parameters of CKM matrix.

*CP violation in hadron decays

*QCDSP (0.6 Teraflops) > 99% operational efficiency

*QCDOC (10 Teraflops) constructed and operational
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RHIC Accelerator: Siberian Snakes, Spln |
Rotators,
Polarimeters (AGS & RHIC)

PHENIX Detector: Muon arm
Event selection software
LLocal Polarimeter

Gluons: Precise measurement with
pions, goal accomplished

Orbital Angular Momentum: Precisé measurement
of quark spin analyzing power
with BELLE data

Role of Spin - Wako |

1995-1999+  Snake, Rotator, muon arm
~ construction

1999-2006 Maintenance (snakes, muon arm,
AGS-snake)

2002-2003  CCJ construction, personnel & trips

2002-2006 Silicon vertex R&D - constructlon
(ongoing)
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Other Achievements
Outstanding Fellows and Post docs
Permanent Positions - Universities and
Laboratories
RBRC University Fellows Program
Awards: 5 Outstanding Junior Investigators

Publications: 275 Theory/211 Experiment
| 35 RBRC Proceedings

Workshops: 42
Seminars: 5 per week
Scientific Review Committee Reports

All very positive on quality of staff
and scientific productivity.

223



Aims and Expected Accomplishments during 5-year
Extension »

Era of Precise Lattice Gauge Calculations

Include virtual quark-antiquark pairs

Larger lattices

‘QCD Thermodynamics

Hadronic and quark masses

CP violation

CKM matrix

Start planning for next generation computer
(300 tflop - 1 petaflop)

Precise Studies of High Energy Density Matter
Strongly Coupled Quark Gluon Plasma
Relate the properties of matter as extracted from
theory and what is seen in experiment
Examples - jet correlation functions
“hydrodynamics

Physics of Color-glass Condensate
Understand the gluonic matter, which composes
hadrons and dominates the soft gluon part of
the hadronic wave function.
Propose probes of this matter as it pertains to
RHIC, eRHIC, and LHC.
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Spin of the Proton
Relate computations in perturbative QCD to
measurements and extraction of quantities,
which measure how spin is distributed amongst
the gluons and quarks inside a hadron and
extract gluon spin from RHIC experiments.

Era of Precision Spin Physics

Exploit and derive benefits from 10 year

investment in spin hardware

Gluons - Precise measurements at smaller
momenta functions with pions, direct
photons and charm |

Quark and anti-quarks - Precise measurements
using electron weak parity violation

Detectors: Muon and vertex upgrades

Machine: 500 GeV - high polarization and
luminosity

R&D: Extended measurements with RHIC
and for eRHIC

5 Year Research Plan for Spin Physics at RHIC -
February 11, 2005
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Budget & Personnel
RBRC and Spin Program
Mature
Steady State
Personnel Levels - Flat

Budget Levels - Flat

Spin Program
Maintenance
CCJ
Personnel
Upgrades
Future R&D

RBRC
- Theory
Experiment
Administration
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We propose that this plan should be reviewed and
suggest that the Management Steering Committee
charge the Sciéntific Review Committee to do such

a review prior to submission to RIKEN.
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PUBLICATION LIST

RBRC - EXPERIMENT
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RBRC Experimental Publications
April 2004 — March 2005

RHIC Spin (and pp) Publications

MEASUREMENT OF THE ANALYZING POWER IN PP ELASTIC SCATTERING
IN THE PEAK CNI REGION AT RHIC. H. Okadaet al. Feb. 2005, 4pp e-Print
Archive: nucl-ex/0502022.

MEASUREMENT OF THE ANALYZING POWER OF PROTON-CARBON ELASTIC
SCATTERING IN THE CNI REGION AT RHIC. O. Jinnouchi et al.. Dec. 2004. 4pp.
To appear in the proceedings of 16™ International Spin Physics Symposium (SPIN 2004), -
Trieste, Italy, 10-16 Oct. 2004. e-Print Archive: nucl-ex/0412053.

MEASUREMENT OF PROMPT PHOTON IN S*¥(1/2)=200-GEV PP COLLISIONS.
By PHENIX Collaboratlon (K. Okada for the collaboration). Jan 2005. 4pp. To appear
in the proceedings of 16" International Spin Physics Symposium (SPIN2004), Trieste,
Italy. October 10-16, 2004. e-Print Archive: hep-ex/0501066.

PROBING GLUON POLARIZATION WITH PI0’S IN LONGITUDINALLY
POLARIZED PROTON COLLISIONS AT THE RHIC-PHENIX EXPERIMENT. By
PHENIX Collaboration (Y. Fukao for the collaboration). Jan 2005. 4pp. To appear in
the proceedings of the 16™ International Spin Physics Symposium (SPIN 2004), Trieste,
Italy, 10-16 Oct 2004. e-Print Archive: hep-ex/0501049.

STUDY OF THE GLUON POLARIZATION IN THE PROTON WITH A SILICON
VERTEX UPGRADE AT RHIC/PHENIX. By PHENIX Collaboration (Manabu
Togawa for the collaboration). Jan 2005. 4pp. To appear in the proceedings of 16%
International Spin Physics Symposium (SPIN 2004), Trieste, Italy, 10-16 Oct 2004. e-
Print Archive: hep-ex/0501047.

EXPLORING THE PROTON’S SPIN AT PHENIX. By PHENIX Collaboration (C.
Aidala for the collaboration). Jan 2005. 12pp. To appear in the proceedings of
International School of Subnuclear Physics: 42™ Course: How and Where to Go Beyond
the Standard Model, Erice, Sicily, Italy, 29 Aug— 7 Sep 2004. e-Print Archive: hep-
ex/0501054.

POLARIMETRY AT RHIC AND THE AGS. H. Spinka ef al.. 2004. Prepared for
Advanced Studies Institute on Symmetries and Spin (Spin Praha 2003), Prague, Czech
Republic, 12-19 Jul 2003. Published in Czech.J.Phys.54:B155-B160, 2004.

VERNON HUGHES - TO LEARN FUNDAMENTAL THINGS 1921-2003, G. Bunce,
Dubna Spin 2003 Proceedings, A.V. Efremov and O.V. Teryaev editors, 13 (2004).
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SPIN DEPENDENCE IN POLARIZED P C --->P C SCATTERING AT LOW
MOMENTUM TRANSFER AND POLARIMETRY AT RHIC, A. Bravar et al. (with G.
Bunce, O. Jinnouchi, K. Kurita, Z. Li, N. Saito). 2004. 4pp. Published in AIP Conf.
Proc. 698:643-646, 2004. Also in New York 2003, Intersections of Particle and Nuclear
Physics 643-646.

A STUDY OF HEAVY QUARK AND QUARKONIUM PRODUCTION IN
POLARIZED P P COLLISIONS AT RHIC. By PHENIX Collaboration (M.X. Liu for
the collaboration). 2004. 4pp. Published in AIP Conf. Proc. 698:647-650, 2004. Also
in ¥New York 2003, Intersections of particle and nuclear physics* 647-650.

OVERVIEW OF POLARIMETRY AT RHIC AND ELASTIC PC TO PC
SCATTERING AT VERY LOW MOMENTUM TRANSFER, A. Bravar et al. with G.
Bunce, O. 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. Rescla N. Saito, RHIC/CAD Accelerator
Physics Note 171 (2004).

SINGLE-SPIN TRANSVERSE ASYMMETRY IN NEUTRAL PION AND CHARGED
HADRON PRODUCTION AT PHENIX. By PHENIX Collaboration (C. Aidala for the
collaboration). Oct 2004. 4pp. Presented at 12" International Workshop on Deep
Inelastic Scattering (DIS 2004), Strbske Pleso, Slovakia, 14-18 Apr 2004. Published in
*Strbske Pleso 2004, Deep inelastic scattenng* 1059-1062. e-Print Archive: hep-
ex/0410003.

LONGITUDINAL DOUBLE SPIN ASYMMETRIES IN NEUTRAL PION
PRODUCTION AT PHENIX. By PHENIX Collaboratlon (F. Bauer for the
collaboration). Apr 2004. 4pp. Prepared for the 12% International Workshop on Deep
Inelastic Scattering (DIS 2004), Strbske Pleso, Slovakia, 14-18 Apr 2004. Published in
*Strbske Pleso 2004, Deep inelastic scattering® 1072-1075.

DOUBLE HELICITY ASYMMETRY IN INCLUSIVE MID-RAPIDITY PIO
PRODUCTION FOR POLARIZED P + P COLLISIONS AT S**(1/2) =200-GEV. By
PHENIX Collaboration (S.S. Adler et al with RBRC Experimental Group). Apr 2004.
6pp. Published in Phys. Rev. Lett. 93:202002, 2004. e-Print Archive: hep-ex/0404027.

J/PSIPRODUCTION FROM PROTON PROTON COLLISIONS AT S**(1/2) = 200-

GEV, PHENIX Collaboration (S.S. Adler ef al. with RBRC Experimental Group), Phys.
Rev. Lett. 92:051802 (2004). hep-ex/0307019
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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, 311 (2004).

SPIN TRANSFER TO LAMBDA-+(C) HYPERONS IN POLARIZED PROTON
COLLISIONS AT RHIC, V.L. Rykov, K. Sudoh (Wako, RIKEN), Dec. 2004 4pp. To
appear in the proceedings of the 16 International Spin Physics Symposium (SPIN 2004),
Trieste, Italy, 10-16 Oct. 2004. e-Print Archive: hep-ph/0412244.

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
SIBERIAN SNAKES, T. Roser et al. with M. Okamura, J. Takano, Proc. oth 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 UNCERTAINTIES, 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
(SQS04), Tokyo, Japan, (2004).

MEASUREMENT OF J/PSI PRODUCTION IN PROTON PROTON COLLISIONS BY
THE PHENIX EXPERIMENT. By PHENIX Collaboration (N. Bruner for the
collaboration). 2004. Prepared for International Europhysics Conference on High-
Energy Physics (HEP 2003), Aachen, Germany, 17-23 Jul 2003. Published in Eur. Phys.
J.C33:5594-8596, 2004.

RHIC Heavy Ion Publications (with RBRC Experiment Group)

CENTRALITY DEPENDENCE OF DIRECT PHOTON PRODUCTION IN
S(NN)**(1/2)=200-GEV AU+AU COLLISIONS. By PHENIX Collaboration (S.S.
Adler et al.). Mar 2005. 6pp. Submitted to Phys.Rev.Lett. e-Print Archive: nucl-
ex/0503003.
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MEASUREMENT OF SINGLE ELECTRON EVENT ANISOTROPY IN AU+AU
COLLISIONS AT S(NN)*%(1/2)=200-GEV. By PHENIX Collaboration (S.S. Adler et
al.). Feb.2005. 11pp. Submitted to Phys.Rev.C. e-Print Archive: nucl-ex/0502009.

MID-RAPIDITY DIRECT-PHOTON PRODUCTION IN P+P COLLISIONS AT
S*%(1/2)=200-GEV. By PHENIX Collaboration (S.S. Adler ez al.). Feb 2005. 7pp.
Published in Phys.Rev.D71:071102,2005. e-Print Archive: hep-ex/0502006.

SATURATION OF AZIMUTHAL ANISOTROPY IN AU + AU COLLISIONS AT
S(NN)**(1/2) 62-GEV TO 200-GEV, By PHENIX Collaboration (S.S. Adler et al.)
Nov. 2004. 7pp. Submitted to Phys. Rev. Lett. e-Print Archive: nucl-ex/0411040.

NUCLEAR MODIFICATION FACTORS FOR HADRONS AT FORWARD AND
BACKWARD RAPIDITIES IN DEUTERON-GOLD COLLISIONS AT S(INN)**(1/2) =
200-GEV, By PHENIX Collaboration (S.S. Adler et al.). Nov. 2004. 6pp. Published in
Phys. Rev. Lett. 94:082302, 2005. e-Print Archive: nucl-ex/0411054.

MEASUREMENT OF NON-RANDOM EVENT-BY-EVENT AVERAGE
TRANSVERSE MOMENTUM FLUCTUATIONS IN SQRT(sNN) =200 GeV AutAu
COLLISIONS, S. S. Adler et al., Phys. Rev. Lett. 93, 092301 (2004).

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.

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
HADRON MULTIPLICITIES IN AU + AU COLLISIONS AT S(NN)**(1/2) = 130-
GEV, J. Cleymans (Cape Town U.), B. Kampfer (Rossendorf, Forschungszentrum), M
Kaneta (RIKEN BNL), S. Wheaton (Cape Town U.), N. Xu (LBL, Berkeley), hep-
ph/0409071 (2004).

STRANGENESS AND HEAVY FLAVOR AT RHIC: RECENT RESULTS FROM
PHENIX. By PHENIX Collaboration (Masash1 Kaneta for the collaboration). Jan 2005.
8pp. To appear in the proceedings of 8% International Conference on Strangeness in
Quark Matter (SQM2004), Cape Town, South Africa, 15-20 Sep 2004. e-Print Archive:
nucl-ex/0501005.

CENTRALITY DEPENDENCE OF CHEMICAL FREEZE-OUT IN 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-th/0405068 (2004).
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EVENT ANISOTROPY OF IDENTIFIED PI0, PHOTON AND ELECTRON
COMPARED TO CHARGED PI, K, P AND DEUTERON IN S(NN)**(1/2) =200-GEV
AU+AU AT PHENIX. PHENIX Collaboration (Masashi Kaneta for the collaboration).
Proceedings of 17th International Conference on Ultra Relativistic Nucleus-Nucleus
Collisions (Quark Matter 2004), J.Phys.G30:S1217-S1220 (2004), nucl-ex/0404014.

PRODUCTION OF PHI MESONS AT MID-RAPIDITY IN S(NN)*¥(1/2) = 200-GEV
AU+AU COLLISIONS AT RHIC. By PHENIX Collaboration (S.S. Adler er al.). Oct.
2004. 26pp. Submitted to Phys. Rev. C. e-Print Archive: nucl-ex/0410012.

FORMATION OF DENSE PARTONIC MATTER IN RELATIVISTIC NUCLEUS-
NUCLEUS COLLISIONS AT RHIC: EXPERIMENTAL EVALUATION BY THE
PHENIX COLLABORATION. By PHENIX Collaboration (K. Adcox ef al.). Oct. 2004.
127pp. Submitted to Nucl. Phys. A. e-Print Archive: nucl-ex/0410003.

CENTRALITY DEPENDENCE OF CHARM PRODUCTION FROM SINGLE
ELECTRONS MEASUREMENT IN AU+AU COLLISIONS AT S(NN)**(1/2) = 200-
GEV. By PHENIX Collaboration (S.S. Adler ez al.). Sep 2004. 6pp. Published in Phys.
Rev. Lett. 94:082301,2005. e-Print Archive: nucl-ex/0409028.

SYSTEMATIC STUDIES OF THE CENTRALITY AND S(NN)**(1/2) DEPENDENCE
OF THED E(T) / D ETA AND D (N(CH) / D ETA IN HEAVY ION COLLISIONS AT
MID-RAPIDITY. By PHENIX Collaboration (S.S. Adler e al.). Sep 2004, 27pp.
Published in Phys. Rev. C71:034908, 2005. e-Print Archive: nucl-ex/0409015.

JET STRUCTURE OF BARYON EXCESS IN AU + AU COLLISIONS AT _
S(NN)**(1/2) = 200-GEV. By PHENIX Collaboration (S.S. Adler et al.). Aug. 2004.
6pp. Submitted to Phys. Rev. Lett. e-Print Archive: nucl-ex/0408007.

DEUTERON AND ANTIDEUTERON PRODUCTION IN AU + AU COLLISIONS AT
S(NN)**(1/2) = 200-GEV. By PHENIX Collaboration (S.S. Adler ez al.). June 2004.
6pp. Published in Phys. Rev. Lett. 94:122302, 2005. e-Print Archive: nucl-ex/0406004.

BOSE-EINSTEIN CORRELATIONS OF CHARGED PION PAIRS IN AU + AU
COLLISIONS AT S(NN)**(1/2) =200-GEV. By PHENIX Collaboration (S.S. Adler ez
al)). Jan 2004. 6pp. Published in Phys. Rev. Lett. 93:152302,2004. e-Print Archive: -
nucl-ex/0401003.

SINGLE IDENTIFIED HADRON SPECTRA FROM S(NN)*¥*(1/2) = 130-GEV
AU+AU COLLISIONS, PHENIX Collaboration (K. Adcox et al.), Phys. Rev.
C69:024904 (2004), nucl-ex/0307010.

J/PSTPRODUCTION IN AU AU COLLISIONS AT S(NN)*¥(1/2) = 200-GEV AT

THE RELATIVISTIC HEAVY ION COLLIDER, PHENIX Collaboration (S.S. Adler ef
al.), Phys. Rev. C69:014901 (2004), nucl-ex/0305030.
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CHARM MEASUREMENTS AT SPS AND RHIC, Y. Akiba, 7th International
Conference on Strangeness in Quark Matter (SQM 2003), Atlantic Beach, North
Carolina, J.Phys.G30:S283-S293 (2004).

THE BEGINNING OF HIGH ENERGY NUCLEUS-NUCLEUS COLLISION
EXPERIMENT AT RHIC, Y. Akiba and H. Hamagaki, BUTURI, vol.59, 291(2004).

EXPERIMENTAL RESULTS FROM RHIC, Y. Akiba, International Conference on
Color Confinement and Hadrons in Quantum Chromodynamics, World Scientific,
Singapore, 361 (2004).

PHENIX J/PSI MEASUREMENT AT S(NN)**1/2=200-GEV. By PHENIX
Collaboration (W. Xie for the collaboration). 2004. Tpp. Prepared for the 19" Winter
Workshop on Nuclear Dynamics, Breckenridge, Colorado, 9-15 Feb 2003. Published in
Acta Phys. Hung. A21:349-355, 2004.

Vertex Upgrade Publications (with H. En’yo. Y. Goto. V. Radeka, W. Chen. D. Elliott, T.
Kawabata, Z. Li, M. Togawa. N. Saito, V. Rykov, K. Tanida, J. Tojo

ELECTRON BEAM AND LASER TESTING ON THE NOVEL STRIPIXEL
DETECTORS, Z. Li et al., Nucl. Instrum. Methods, A541, 21 (2005).

NOVEL SILICON STRIPIXEL DETECTOR FOR PHENIX UPGRADE, Z. Li et al., 9th
Pisa Meeting on Advanced Detectors: Frontier Detectors for Frontier Physics, La
Biodola, Isola d'Elba, Italy, Nucl. Instrum. Meth. A518:300-304 (2004).

TEST BEAM PERFORMANCE OF THE ALICE SILICON PIXEL DETECTOR. By
ALICE SPD Collaboration (P. Nilsson ef al.). 2004. 4pp. Published in
Nucl.Instrum.Meth. A535:424-427, 2004. '

DEVELOPMENT OF A NOVEL SILICON STRIPIXEL DETECTOR FOR THE RHIC-
PHENIX DETECTOR UPGRADE, J. Tojo etal. IEEE Trans. Nucl. Sci., Vol. 51 No. 5,
2337 (2004). -

DEVELOPMENT OF 2™° PROTOTYPE OF NOVEL SILICON STRIPIXEL
DETECTOR FOR PHENIX UPGRADE, Z. Li et al. Nucl. Instrum. Methods A535, 404
(2004).

SILICON VERTEX DETECTOR UPGRADE FOR THE PHENIX EXPERIMENT AT

RHIC, PHENIX Collaboration (Y. Akiba for the collaboration with the RBRC
Experimental Group), Intersections 2003, AIP Conf.Proc.698:785 (2004).
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BELLE Fragmentation Publicaﬁons (with K. Hasuko. M. Grosse Perdekamp, A. Ogawa,
J.S. Lange. V. Siegle)

FUTURE MEASUREMENTS OF SPIN DEPENDENT FRAGMENTATION
FUNCTIONS IN e+e” ANNIHILATION, K. Hasuko et al., Conference on the
Intersections of Particle and Nuclear Physics, New York City, AIP Conf. Proc. 698:628
(2004).

BELLE Publications (with K. Hasuko, M. Grosse Perdekamp. A. Ogawa, J.S. Lénge, V.
Siegle) _

IMPROVED MEASUREMENTS OF THE BRANCHING FRACTIONS FOR B->K, Pi,
Pi Pi, AND K(K) OVER-BAR DECAYS, By BELLE Collaboration (Y. Chao et al.),
Physical Review D Volume 69, June 2004.

MEASUREMENT OF THE B-> K¥*GAMMA BRANCHING FRACTIONS AND
ASYMMETRIES, By BELLE Collaboration (M. Nakao et al.), Physical Review D
Volume 69, June 2004.

OBSERVATION OF B+->P(P) OVER-BAR PI(+), B-0 -> P(P) OVER BARK(0), AND
B+->P(P) OVER-BARK (*+), By BELLE Collaboration (M. Z. Wang et al.), Physical
Review Letters Volume 92, 2004.

OBSERVATION OF LARGE Cp VIOLATION AND EVIDENCE FOR DIRECT Cp
VIOLATION IN B0O+P- DECAYS, By BELLE Collaboration (K. Abe et al.), Physical
Review Letters Volume 93, 2004.

STUDY OF B- ---> D**( PI- (D**0--->D (*) + PI-) DECAYS, Belle Collaboration (K.
Abe et al.) Submitted to Phys. Rev. D, hep-ex/0307021 (2004).

COMMENT ON E+E- ANNHILATION INTO J/PSIJ/ PSI, Belle Collaboration (K.
Abe et al.), hep-ex/0306015.
Additional Publications

FIRST RESULTS OF THE NA60 EXPERIMENT AT THE CERN SPS. K. Borer efal,
2005. 6pp. Published in Nucl. Phys. A749:251-256, 2005.

MEASUREMENT OF THE XI-P SCATTERING CROSS SECTIONS AT LOW

ENERGY. JK Ahn ef al. PNU-HANUL-05-01, Feb. 2005. 9pp. e-Print Archive: nucl-
ex/0502010. :
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FIRST RESULTS FROM NA60 ON LOW MASS MUON PAIR PRODUCTION IN IN-
IN COLLISIONS AT 158-GEV/NUCLEON. By NA60 Collaboration (S. Damjanovic e?
al.). Jan 2005. 9pp. Submitted to J.Phys.G. e-Print Archive: nucl-ex/0501028.

PRODUCTION OF THE NEUTRON-RICH HYPERNUCLEUS [SUB LAMBDA][SUP
10] LI IN THE (PI[SUP-], K [SUP+]) DOUBLE CHARGE-EXCHANGE REACTION.
P.K. Saha et al., Phys. Rev. Lett. 94, 052502 (2005).

HYPERNUCLEAR FINE STRUCTURE IN [SUB LAMBDA] [SUP 16] O AND THE
LAMBDA N TENSOR INTERACTION. M. Ukai et al. Phys. Rev. Lett. 93, 232501
(2004).

SIGMA-NUCLEUS POTENTIAL STUDIED WITH THE (PI[SUP -], K[SUP +])
REACTION ON MEDIUM-TO-HEAVY NUCLEAR TARGETS. P.K. Saha et al. Phys.
Rev. C 70, 044613 (2004).

NEUTRON AND PROTON ENERGY SPECTRA FROM THE NON-MESONIC
WEAK DECAYS OF 5-LAMBDA-HE AND 12-LAMBDA-C. S.Okada etal. Phys.
Lett. B597, 249-256 (2004).

PRECISION ZEEMAN-STARK SPECTROSCOPY OF THE METASTABLE A (1)
[*{31\SIGMA"{+}] STATE OF PbO, D. Kawall et al., Phys. Rev. Lett. 92, 133007
(2004).

PROGRESS TOWARDS MEASURING THE ELECTRIC DIPOLE MOMENT OF THE
ELETRON IN METASTABLE PbO, D. Kawall et al., AIP Conf. Proc. 698, 192 (2004).

MEASUREMENT OF THE NEGATIVE MUON ANOMALOUS MAGNETIC
MOMENT TO 0.7ppm,. By Muon g-2 Collaboration (G.W. Bennet et al. with G. Bunce,
D. Kawall, M. Grosse Perdekamp). Jan. 2004. 4pp. Press Release. Published in Phys.
Rev. Lett. 92:161802, 2004. e-Print Archive: hep-ex/0401008.

A NEW METHOD FOR A SENSITIVE DEUTERON EDM EXPERIMENT, Y K.
Semertzidis et al. with D. Kawall, AIP Conf. Proc. 698, 200 (2004).
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