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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 Ion 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
consist of a 0.6 teraflops parallel processor computer operational since August 1998. It
was awarded the Supercomputer 1998 Gordon Bell Prize for price performance. This is
expected to be augmented by a ten teraflops QCDOC computer in JFY 2004. The Center
also organizes an extensive series of workshops on specific topics in strong interactions
with an accompanying series of pubhshed proceedmgs

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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Current Activity Report
RBRC OPERATIONS

Nicholas P. Samios$

Presentation
10™ Meeting of The Management Steering Committee of
RIKEN BNL Collaboration

. March 25-26, 2004
RIKEN, Wako, Japan



RBRC

1997 - 2003 In existence for 6 years

Director: T. D. Lee ﬁ
Three Components: Theory, Experiment, Computing

High Energy Density Nuclear Matter (RHIC)
Spin Component of Proton
| Laftice QCD |
RHIC Great Year (if not spectacular)
Previous Au X Au, p X p running
d x Au Run. Technical feat — asymmetric operation

. Exciting resulis:

Multiplicities New Phenomena
Radial & Elliptic Flow o

HBT size measurements Hot, dense nuclear

Raa = Factor of 5 decrease matter

Jets Color glass condensate

High y, small x effects



Su‘ppression of leading hadrons in RHIC data
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Anisotropy vs. py at 200 GeV '
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RdAu compares
the yield of
negative particles
produced in dAu to
the scaled number
of particles with
same sign in p-p

The scale is the
number of binary
collisions:

Nea=7.2
(minimum biased)



SPIN Polarized Protons |
AGS 30%, RHIC ~25% - polarization-Technical feat
Measured Asymmetries, 7°'s Snake
Different fune
Next runs pol. AGS warm snake 2004/5 Pol. 50%
Cold snake, 2006/7 Pol. 70%
Plus gas jet polarimeters
PHENIX Complete detector operational (X2 p arm)

Major RIKEN con’rnbuhons
Spin results PHENIX

RBRC Collaboration
STAR :

Computing QCDSP > 99.8% efficiency
QCDOC - Going well - Summer of 2004
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A, : PHENIX vs theory

B.Jager e al., PRD67, 054005 (2003)
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« QCDSP: |
~ Inauguration-September 1997, Production-August 1998
— Gordon Bell Prize, 1998 Supercomputing Conference
— 12,288 processors on 192 motherboards
— Maintains better than 99% Uptime
— BNL contribution, space & power, $57,000 per year

+ QCDOC:

- — Prototype phase of QCDOC, a success.
(256 processors on 4 Motherboards)
— 12,500 chips order to IBM, February 2004.
— Front-énd IBM server delivered, February 2004.
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QCDOC: .

— Eight Motherboards running physics April 2004
— Aug 2004, assembly of 10 TeraFlop system
-+-12,500 pfocessors on 192 motherboards

— Production Physics October 2004




RBRC

Director Emeritus: T. 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

Depuly Group Leader: . G. Bunce
Theory Advisory Committee:

1. D. Lee

L. Mclerran

A. Baliz

M. Creviz

M. Gyulassy

R. Pisarski (T. L. Trueman)

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

Workshops: 9 3
Publicalions: 93 Theory/68 Experiment
Seminars: 6/week

Other Atrticles: 1/8

14



ST

Volume 52

Volume 53

Volume 54

Volume 55

Volume 56

Proceedings of RIKEN BNL Research Center Workshops

(~April 1, 2003 to March 31, 2004)

RIKEN School on QCD, “Topics on the Proton” (BNL- 7 1694—2003)

March 26, 2003

Organizers: H. En’yo, M. Hayakawa, H. Kawai, N. Saito, T.-A. Shibata, T. Tada,
Y. Watanabe, and K. Yazaki -

Theory Studies for Polarized pp Scattering (BNL-71747—2003)
August — September 2003 :
Organizers: S.Kretzer and W. Vogelsang -

RHIC Spin Collaboration Meetings XVII, XVIII, XIX (BNL-71751-2003)
June 20, 2003, June 30, 2003, and August 18,2003

. . Organizer: Brendan Fox

Collective Flow and QGP Properties (BNL-71898-2003)
November 17-19, 2003
Organizers: S. Bass, S. Esumi U. Heinz, P. Kolb, E. Shuryak, N. Xu

RBRC Scientific Review Committee Meeting (BNL-71899- 2003)
November 20-21, 2003 ’

Organizers: N. P. Samios and T. D. Lee
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Volﬁme 57

Volume 58
Volume 59

Volume 60

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

RHIC Spin Collaboration Meeting XX (BNL-71900-2004)
November 18, 2003
Organizer: Les Bland

RHIC Spin Collaboration Meeting XXT, XXTI, XXTII (BNL-)
January 22, 2004, February 27, 2004, March 19, 2004
Orgamzer Akio Ogawa .

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



Future Workshops: RBRC/BNL

The Strongly Interactive QGP
Organizers: W. Busza, M. Gyulassy, L. McLerran
Proposed Dates: May, 2004

Summer School on Spin Physics
Organizers: L. Bland, A. Deshpande, D. Fields,
M. Grosse Perdekamp,

E. Hughes, E. Leader, N. Saito, L. Trueman, W.
Vogelsang, S. Wissink
Dates: June 5-13, 2004

17
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THEORY PUBLICATION LIST
April 1, 2003 to March 31, 2004

RBRC-318 A. Mukherjee, M. Stratmann, and W. Vogelsang,
“Next-to-leading Order QCD Corrections to ATT for
Prompt Photon Production,” [hep-ph/0303226],
Physical Review D 67, 114006 (2003).

RBRC-411 Takanori Sugihara, “Density Matrix Renormalization
Group in a Two-Dimensional A ¢* Hamiltonian Lattice
Model,” [hep-1at/0403008], JHEP (submitted).



RBRC Experimental Publications
April 2003 — March 2004

POLARIZED PROTON COLLIDER AT RHIC, By I. Alekseev etal,,
Nucl.Instrum.Meth.A499:392-414,2003

RHIC ACCELERATOR ADVANCES FOR SPIN, By G. Bunce, Prepared for 3rd
Circum-Pan-Pacific Symposium on High Energy Spin Physics (SPIN 2001),
Beijing, China, 8-13 Oct 2001 Int.J.Mod.Phys.A18:1255-1261,2003

THE AGS CNI POLARIMETER, Workshop on increasing the AGS Polarization, Ann
Arbor, Nov. 2002. G. Bunce et al., AIP Conf. Proc. 667, 77 (2003).

MID-RAPIDITY NEUTRAL PION PRODUCTION IN PROTON-PROTON
COLLISIONS AT S**(1/2)=200 GEV, S.S. Adler et al., to be published in Phys. Rev.
Lett. (2003), hep-ex/0304038

MEASUREMENT OF SINGLE TRANSVERSE SPIN ASYMMETRY IN FORWARD
PRODUCTION OF PHOTONS AND NEUTRONS IN PP COLLISIONS AT .
ROOT(S)=200 GEV, A. Bazilevsky et al., Spin 2002, AIP Conf. Proc. 675, 584 (2003)

RHIC pC CNI POLARIMETER: EXPERIMENTAL SETUP AND PHYSICS
. RESULTS, L G. Alekseev et al., Spin 2002, AIP Conf. Proc. 675, 812 (2003)

RHIC pC CNI POLARIMETER: STATUS AND PERFORMANCE FROM THE FIRST
COLLIDER RUN, O. Jinnouchi et al., Spin 2002, AIP Conf. Proc. 675, 817 (2003)

POLARIZED H- JET POLARIMETER FOR ABSOLUTE PROTON POLARIZATION
MEASUREMENTS IN RHIC, A. Zelinski et al., Spin 2002, AIP Conf. Proc. 675, 954
(2003)

PHYSICS WITH RHIC SPIN COLLIDER., By H. Enyo (Wako, RIKEN & RIKEN
BNL). 2003. 8pp. Published in Nucl. Phys.A721:143-150,2003

SPIN ROTATOR COMMISSIONG AT RHIC, W. Mac Kay {et al} and the PHENIX
collaboration, Proceedings of EPAC 2003

NEUTRAL PION MEASUREMENTS IN POLARIZED PROTON COLLISIONS
FROM PHENIX AT RHIC, Y. Goto for the PHENIX Collaboration, PANIC 2002,
Nucl. Phys. A721 (2003) 360-363.

PROSPECTS OF THE GLUON POLARIZATION MEASUREMENT AT PHENIX, Y.
Goto for the PHENIX Collaboration, SPIN 2002, AIP Conf. Proc. 675 (2003)
493-503. ’ '

Experimental Publications - April 2003 ~ March 2004
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COMMENT ON E+E- ANNHILATION INTO J/PSI J/PSI. By Belle Collaboration
(K. Abe et al.). BELLE-PREPRINT-2003-7, KEK-PREPRINT-2003-24, Jun 2003. 6pp.
e-Print Archive hep-ex/0306015.

IMPROVED MEASUREMENT OF THE PARTIAL RATE CP ASYMMETRY IN B+
--->K0 PI+ AND B- ---> ANTI-K0 PI- DECAYS. By Belle Collaboration (Y. Unno et
al) KEK-PREPRINT-2003-7, BELLE-PREPRINT-2003-4, Apr. 2003. 7pp. Published
in Phys. Rev. D68:011103,2003. e-Print Archive: hep-ex/0304035.

MEASUREMENT OF BRANCHING FRACTION RATIOS AND CP ASYMMETRIES
IN B+- —>D(CP) K+-. By Belle Collaboration (S.K. Swain et al.) KEK-PREPRINT-
2003-8, BELLE-PREPRINT-2003-3, Apr. 2003. 10pp. Published in Phys. Rev.
D68:051101, 2003. e-Print Archive: hep-ex/0304032.

EVIDENCE FOR CP VIOLATING ASYMMETRIES B0 ---> PI+ PI- DECAYS AND
CONSTRAINTS ON THE CKM ANGLE PHI(2). By Belle Collaboration (K. Abe et
al). KEK-PREPRINT-2002-131, BELLE-PREPRINT-2003-1, Jan.2003. 26pp.
Published in Phys. Rev. D68:012001, 2003. e-Print Archive hep-ex/0301032.

" NOVEL SILICON STRIPIXEL DETECTOR FOR‘PHENllX UPGRADE. Z. Lietal
Nucl. Instrum. Methods, A 518, 300 (2004).

DEVELOPMENT OF A NOVEL SILICON STRIP DETECTOR FOR THE RHIC-
PHENIX DETECTOR UPGRADE, J. Tojo et al. IEEE Nuclear Science Symposium and
Medical Imaging Conference, Portland, USA, October 19-25, 2003.

SPIN PHY SICS WITH HIGH ENERGY POLARIZED PROTON-PROTON
COLLISIONS, J. Tojo, Spin and Quantum Structure of Hadrons, Nuclei and Atoms
(SQS04), Tokyo, JYapan, February 19-21, 2004.

AN UPDATE FROM STAR - USING STRANGENESS TO PROBE RELATIVISTIC
HEAVY ION COLLISIONS. By STAR Collaboration (H. Caines ef al.). 2004.

Prepared for 7th International Conference on Strangeness in Quark Matter (SQM 2003),
Atlantic Beach, North Carolina, 12-17 Mar 2003. Published in J.Phys.G30:S61-S73,2004

PARTICLE TYPE DEPENDENCE OF AZIMUTHAL ANISOTROPY AND
NUCLEAR MODIFICATION OF PARTICLE PRODUCTION IN AU + AU
COLLISIONS AT S(NN)*#*(1/2) =200-GEV. By STAR Collaboration (J. Adams et al.).
Jun 2003. 6pp. Published in Phys.Rev.Lett.92:052302,2004. e-Print Archive: nucl-
ex/0306007

EVIDENCE FROM D + AU MEASUREMENTS FOR FINAL STATE SUPPRESSION
OF HIGH P(T) HADRONS IN AU+AU COLLISIONS AT RHIC. By STAR
Collaboration (J. Adams ef al.). Jun 2003. 6pp. Published in Phys. Rev. Lett. 91:072304,
2003. e-Print Archive: nucl-ex/0306024

Experimental Publications ‘ April 2003 — March 2004

20



Spin Physics
(Theory & Exp)

Nuclear Physics

High Energy-RIKEN Theory |

QCD and RHIC Physics
(Theory & Exp)

High Energy Theory
Lunch Talks

Nuclear Physics-RIKEN Theory

Weekly Seminars

Tuesdays
(10:00 a.m.)

Tuesdayé
(11:00 am.)

Wednesdays
(1:30 p.m.)

Thursdays
(12:30 p.m.)

Fridays .
(12:00 Noon)

Fridays
(2:00 p.m.)

21

Organized by Y. Goto
W. Vogelsang
A. Deshpande

Organized jointly by
W. Vogelsang
P. Petreczky
with BNL Staff

Organized jointly by
S. Ohta with '
BNL Theorists

Organized by
W. Vogelsang

Organized by S. Dawson

Organized jointly by

S. Kretzer, C. Dawson

with BNL Staff



Othér RBRC Scientific Articles Proceedings Volumes:

Volume 1 Prospects for Spin Physics at RHIC
Gerry Bunce, Naohito Saito, Jacques Soffer, Werner Vogelsang
_J uly 2000

Volume 2 Status Report on the Calculation of €'/e
RBRC-Brookhaven-Columbia Collaboration
November 2000

Volume 3 Scientific Presentations: 7™ Meeting of the Management
. Steering Committee of the RIKEN BNL Co]laboratlon, RIKEN,
Wako, Japan, February 13-14, 2001

Volume 4 CP Violation in K Decay From Lattice QCD
Thomas Blum and Robert Mawhinney
RBRC-Brookhaven-Columbia QCDSP Collaboration
July 26, 2001

Volume 5 Scientific Presentations: 8™ Meeting of The Management
Steering Committee of The RIKEN BNL Collaboration,
RIKEN, Wako, Japan, March 11-12, 2002

YVolume 6 BNL/RIKEN RHIC Spin Physics Symposium
RIKEN BNL Research Center Fifth Anniversary
Celebration, April 30, 2002

Volume 7 Reflections on My Cantributions to Particle Physics and
Recent Experimental Results from RHIC
N. P. Samios
Dubna, Russia, January 18, 2002 "

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

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

22



The Outstanding Junior Investigator
- Award in Nuclear Theory was
established by DOE in 2000. Since
Then, five RBRC members have
received the OJI Awards:

Son, D. T. (2000)
Stephanov, M. (2001)
van Kolck, U.  (2001)
Schaefer, T. (2002)
Bass, S. (2003)

23
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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 -
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
Son, Dam Thanh 10/1999 to 03/2002 RHIC Physics Fellow, Tenured Position U. of Wash, Seattle,
Columbia U. Natl. Inst. for Nucl. Th
Venugopalan, Raju 10/1/98 _ Asst. Physicist, BNL; Physicist, Tenured BNL
b 10/1/00 to 6/30/03 RHIC Physics Fellow,
(06/1/02 Tenure) BNL
Present Program
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.
Kusenko, Alexander 10/1999 - RHIC Physics Fellow; Tenured RBRC/UCLA
05/2003 (Tenure) UCLA/Asst. Prof Associate Professor
Schaefer, Thomas 01/2000 RHIC Physics Fellow, RBRC/NCSU
SUNY, SB/Asst. Prof. Tenured at NCSU
01/2003 (Tenure) - NCSU . Associate Professor
Stephanov, Mikhail 10/1999 - RHIC Physics Fellow, Tenured RBRC/U. of Illinois,
08/2003 (Tenure) UIC/Asst. Prof. Associate Professor Chicago .
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RBRC Dates

RHIC Physics Fellow Position New Position Present Institution
Present Program
van Kolck, Ubirajara 08/2000 - RHIC Physics Fellow; Tenured RBRC/U. of Arizona
08/2003 (Tenure) U. of Arizona/Asst. Prof. | Associate Professor
Vogelsang, Werner 4/1/2000 to 9/30/2003 RIKEN BNL Fellow ‘| RBRC/BNL
10/1/2003 - RHIC Physics Fellow : :
BNL/Associate Physicist
Wettig, Tilo 10/1999 - RHIC Physics Fellow, Associate Professor RBRC/Yale -
Yale/Asst. Prof. (2003)
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, v Urbana Champaign

U. of Illinois, Urbana
Champaign/Asst. Prof.
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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
Bodeker, Dietrich 12/2000 to 12/2001 RHIC Physics Fellow, Professorship, C-4 U. of Bielefeld,
. BNL Germany :
Boer, Daniél 10/1998 to 06/2001 Research Associate Academy Researcher, Dutch Royal Academy
Tenure Track of Sciences, Free
University, Amsterdam
Deshpande, Abhay 02/01/2000 t0 12/31/03 | RIKEN BNL Fellow Assistant Professor RBRC/SUNY, Stony
01/01/2004 — present RHIC Physics Fellow ‘ : Brook
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
Itakura, Kazunori | 06/2002 to 05/2003 Research Associate JSPS Fellow Service of Theoretical
Physics, Saclay, France
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 present RSP Visiting Scientist ‘ .
Nara, Yasushi 10/1999 to 09/2002 Research Associate Research Associate U. of Arizona, Tucson
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
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Name Dates at RBRC RBRC Position New Position Title New Position Institution
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
Schaffner-Bielich, 09/1998 to 10/2001 Research Associate -{ Research Associate Columbia University
Jiirgen : University of Frankfurt
Son, Dam Thanh 10/1999 to 03/2002 RHIC Physics Fellow, Associate Professor, U. of Wash, Seattle,

Columbia U. Tenured- Natl. Inst. for Nucl. Th
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 RHIC Physics RBRC/BNL
' 10/01/2003 Fellow/Associate
- Physicist
Wingate, Matthew 09/1997 to 09/2000 Research Associate Assistant Professor Ohio State U.,
- ‘ i Columbus
Yasui, Yoshiaki 09/1997 to 09/2000 Research Associate Postdoc Radiation Lab, RIKEN,
: Postdoctoral Fellow KEK, Theory Group,

Japan




03/31/04 N. P. Samios, RBRC Director
T. D. Lee, RBRC Director Emeritus
Hideto En"yo, RBRC Associate Director
RBRC Research Scientists (JFY — 2003)
Theory Group
L. McLerran, Theory Group Leader
Anthony J. Baltz, Deputy Theory Group Leader

Research Associates RBRC Theory

(Post Docs) Advisory Committee

Aoki, Y. (4/30/03)* - Baltz, A.

Itakura, K. (5/31/03)* Creutz, M.

Kretzer, S. (Joint NT) Gyulassy, M.
‘Nemoto, Y.(5/31/04)* McLerran, L.

Noaki,]. (6/30/04)*
Orginos, K. (9/30/03)*

Pisarski, R. (9/30/03)*
Trueman, T. L. (reappointment)

Yamada, N.
' RSP Young Researcher
RSP Research Associates . Hatta, Y.
Hirano, T. Yokoya, H.
Ikeda, T.
Sugihara, T.
Consultants/
Fellows Visiting Scientists
Blum, T. (9/30/03)* Gyulassy, M.
Dawson, C. Jaffe, R.
Petreczky, P. (Joint NT) Ohta, S.
Vogelsang, W. (9/30/03)* Orginos, K.
Shuryak, E.
Tenure Track/RHIC Physics/Visiting Fellows
Bass, S. (Duke)
Blum, T. (1/1/04) (U. of Conn)
Izubuchi, T. (Kanazawa U.) Collaborators
Jeon. S. (McGill) Hashimoto, K.
Kusenko, A. (UCLA) Mawhinney, R.
- Schaefer, T. (NCSU) o
Stephanov, M. (U. of IL, Chicago)
van Kolck, U. (Arizona) :
Venugopalan, R.(6/30/03) (BNL) - Computer Scientist
Vogelsang, W. (BNL) Dong, Z.
Wettig, T. (Yale)

* Appointment terminates RSP = RIKEN SPIN PROGRAM
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03/31/2004

N. P. Samios, RBRC Director

T. D. Lee, RBRC Director Emeritus
Hideto En’yo, RBRC Associate Director
RBRC Research Scientists (JFY — 2003)
Experimental Group

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

Research Associates
Jinnouchi, O.

Kaneta, M.

Okada, K.

Fellows

Bazilevsky, A. (/1/03)*
Deshpande, A. azs1/03)
Fox, B. (10/15/03)*
Messer, F. (4/1/03)*

Xie, Wei

Tenure Track/RHIC Fellow
Deshpande, A. (SUNY, SB)
Fields, D. (UNM)

Advisory Committee
Experiment
Masaike, A.
Nagamiya, S.
Sandweiss, J.

Consultants
Jaffe, R.
Roser, T.
Makdisi, Y.

Tannenbaum, M.

Grosse-Perdekamp, M. (UITUC) RBRC Young
Researchers
RIKEN Spin Program Siegle, V. (3/31/03)
(RSP) Researchers Gabbert, Dominik
Akiba, Y. RIKEN Jr. Res. Assoc.
- Goto, Y. Fukao, Y.
Ichihara, T. Hachiya, T.
Taketani, A. Horaguchi, T.
Tanida, K. Visiting Res. Assoc.
Watanabe, Y. Kiyomichi, A.
RIKEN Spin Program Sato, H.
(RSP) Research Associates Tojo, J.
Kobayashi, H. (/30/03)* RIKEN Researchers
Yokkaichi, S. Okamura, A.
Tabaru, T. RIKEN Young Res.
Torii, H. . Kamihara, N.
RIKEN Spin Program/ Okada, H.
Visiting Scientists Togawa, M. .
Kurita, K. )
Lange, J. S. @i/oe)® / -
Li, Zheng Technical Collaborator
Ogawa, A. Hiejima, H. (UTUC)
Saito, N.

*Terminates
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4/1/04 N.P

. Samios, RBRC Director

T. D. Lee, RBRC Director Emeritus
Hideto En"yo, RBRC Associate Director

Theory Group

L. McLerran Theory Group Leader

Anthony J. Baltz, Deputy Theory Group Leader
RBRC Research Scientists  (April 1, 2004)
Research Associates RBRC Theory
(Post Docs) Advisory Committee
Kretzer, S. (Joint NT) Baltz, A.
Nemoto, Y. (5/31/04)* Creutz, M. .
Noaki, J (6/30/04)* Gyulassy, M.
Yamada, N. McLerran, L.
Yamazaki, T. Trueman, T. L.
Yuan, Feng
RSP Young Researcher
RSP Research Associates Hashimoto, K.
Hatta, Y. Yokoya, H.
Hirano, T.
Doi, T.
Ikeda, T. Collaborators
Sugihara, T. Mawhinney, R.
Consultants/
Fellows Visiting Scientists
Dawson, C. Gyulassy, M.
Iida, K. Jaffe, R.
Petreczky, P. (Joint NT) Ohta, S.
Orginos, K.
Shuryak, E.
Tenure Track/RHIC Physics/Visiting Fellows
Aoki, S. (Tsukuba U.) .
Bass, S. (Duke)
Blum, T. (U. of Conn)
Izubuchi, T. (Kanazawa U.) Computer Scientist
Jeon. S. McGill) Dong, Z.
Kusenko, A.* (UCLA) ;
Schaefer, T. * (NCSU)
Stephanov, M.* (U. of IL, Chicago)
van Kolck, U. * (Arizona)
Vogelsang, W. (BNL)
Wettig, T. * (Yale)

- *Appointment will terminate RSP = RIKEN SPIN PROGRAM
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04/01/04

N. P. Samios, RBRC Director

T. D. Lee, RBRC Director Emeritus
Hideto En’yo, RBRC Associate Director

LI

RBRC Research Scientists (4/01/04)
Experimental Group
Hideto En’yo, Group Leader
Gerry Bunce, Deputy Group Leader

Research Associates
Jinnouchi, O.
Kaneta, M.

Okada, K.

Fellows

Kawall, D.

Xie, W.

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

RIKEN Spin Program
(RSP) Researchers

Akiba, Y.

Goto, Y.

Ichihara, T.

Taketani, A.

Tanida, K.

Watanabe, Y.

RIKEN Spin Program
(RSP) Research Associates
Asai, J.

Yokkaichi, S.

Tabaru, T.

Torii, H. :
RIKEN Spin Program/
Visiting Scientists
Kurita, K.

Li, Zheng

Ogawa, A.

Saito, N.
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Advisory Committee
Experiment
Masaike, A.
Nagamiya, S.
Sandweiss, J.
Consultants

Jaffe, R.

Roser, T.

Makdisi, Y.
Tannenbaum, M.
RBRC Young
Researchers
Gabbert, Dominik ,
RIKEN Jr. Res. Assoc.

Fukao, Y.

Hachiya, T.
Horaguchi, T.
Kajihara, F.
Takano, J.
Tsuchimoto, Y.
Visiting Res. Assoc.
Kiyomichi, A.

Sato, H. '

Tojo, J.

RIKEN Researchers
Okamura, A.
RIKEN Young Res.
Kamihara, N.
Okada, H.

Togawa, M.

Technical Collaborator

Hiejima, H. (UIUC)



THEORETICAL PHYSICS AT RIKEN BNL
RESEARCH CENTER—STRONG
INTERACTIONS AND QCD

Larry McLerran
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Theoretical Physics at RIKEN-BNL Center
Strong Interactions and QCD
How are strongly interacting particles made from fundamental constituents?
How do fundamental interactions of QCD produce mass and confinement?

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

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

All issues intertwined!
Reqguire understanding and computation.

weLs PO (8-(E-(T)



Current Interests in RIKEN-BNL Center
Lattice Gauge Theory

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

lor Glass Condensate and Quark Gluon Plasma

RHIC Phenomenology
Everything for z < 102

Structure of Hadrons

Origin of spin
Quark and gluon distribution functions
Perturbative QCD at RHIC and LHC
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- Lattice Gauge Theory
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QCDOC Project promises 10+ TFlops
~ Allowing great progress for realistic computations
- with realistic quark masses



Matter at High Density
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Spin and Perturbative QCD
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~Why is BNL a Good Place to Study QCD?

T.D. Lee
RHIC
QCDOGC

- Strong theory groups:
SNL, Columbia, Stony Brook

In both HEP and NP strong interest in
theory and experiment

Supportive atmosphere for young people



1y

Relations

QCDOC and Lattice Gauge Theory

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

Spin and pQCD

~ Vogelsang became joint BNL RBRC fellow
Kretzer a joint PD with NT
Koike visits for 1 year
PD fellow in RBRC works with Vogelsang

RHEC Physics

Strong collaboration continues.



RIKEN-BNL Physics Fellows

Graduates Current Fellows
D. Bodeker, Tenured C4, Bielefeld S. Bass, Duke
D. Kharzeev ,, Tenured BNL T. Izubuchi, Kanazawa
D. Rishke, Tenured C-4 Frankfurt S. Jeon, McGill
D. Son, Tenured U of Washington T. Blum, U of Connecticut
R. Venugopalan, Tenured BNL W. Vogelsang, BNL
& T. Wettig, Tenured C-3 Regensburg P. Petreczky, BNL

M. Stephanov Tenured U of lll, Chicago
U. Van Kolck, Tenured U of Arizona

T. Schaefer, Tenured U of N. Carolina
A. Kusenko, Tenured UCLA

In Nég@tiation:

UCLA, Maryland, Purdue,
lowa State, Stony Brook,
llinois, Arizona...... |



RBRC EXPERIMENTAL GROUP AND
WAKO BASE

Hideto En’yo/Gerry Bunce
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RBRC Experimental Group and Wako Base |

v Activity Summary from

the organizational point of view

Gy

MSC meeting, 25-26 March 2004

Hideto En’yo

soung /o0& wgH (4-(1-(1)
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We Have Data Now |

B Although we still need significant

progress in Polarization and Luminosity,

surprises from RUN2 and RUN3

Y.Goto’s presentation

B [mportant addition, AGS snake, was
completed as promised a year ago, and

now in operation.

!Neutron Asymmetry ¢ Distributionl Pindt | 120649
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AGS warm snake, made in Japan

i
1
-
3

M amura . Takano |




8%

Member of RBRC Experiment 2003

" [03Status ¢
JAdmin__
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RA

K.Okada ~
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UPGRADE@CERN
Hiroaki Ohnishi
Johann Hauser

Hiroyuki Kano
i

Experiment G.

Organization

RIKEN@RBRC
Yasuyuki Akiba
Yuji Goto

Hideyuki Kobayashi
Takahiro Kawabata
Tsuguchika Tabaru

‘ i
RBRC STUDENTS
Hiroki Sato
Viktor Siegel
Nobuyuki Kamihara
Takuma Horaguchi
Manabu Togawa
Yoshi Fukao
Hiromi Okada
Takashi Hachiya

RBRC

Hideto Enyo

Gerry Bunce

Matthias Grosse Perdekamp
Abhay L Deshpande
Douglas E. Field

Brendan Fox

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

BELLE
Soeren Lange (Visitor)
Akio Ogawa (Visitor)
Kazumi

1 wHasuko(RIKEN) o

- RIKEN/Wako

» ;Mamkzm Okamztmi
 Kiyoshi Tanida
. Atsushi Taketani

. Rykov Viadimir
. Junji. Tojo

*“_sta Torii .
. Tetsuya Chtij() e

WAKO/CCJ
Takashi Ichihara
Yasushi Watanabe
Satoshi Yokkaichi
Akio Kiyomichi
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- New Movements

. RIKEN+RBRC is now the second biggest PHENIX
- participating institute next to BNL. |

« M.G.Perdekamp (RBRC University Fellow),

Yasuyuki Akiba (Started last April as a Vice Chief
Scientist of RIKEN/Wako, resident in RBRC) are

both appointed as deputy spokes persons of PHENIX
collaboration.

Y. Akiba is now responsﬂ:)le for the construction of |
the vertex detector upgrade in PHENIX.

Since Akiba started, RBRC gradually expand the

- QGP physics activity (1 JRA student now, +2 JRA

students in coming year).
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Graduations/Promotions/New Comers
‘since last MSC

Yasuyuki Akiba from KEK; Vice Chief Scientist of RIKEN/Wako, resident in RBRC, 1%
April ‘03

Alexander Bazilevsky; Move to BNL, still a big partner

Osamu Jinnouchi; became RBRC RA, April *03

K.Okada; became RBRC RA, April *03

Hiroki Sato; finished PhD, JSPS post doctoral Fellow

Hisa Torii; RIKEN Spin Program RA (Kiso Tokken)

Tsuguchika Tabaru; RIKEN Spin Program RA (Kiso Tokken)

Hiroyuki Kano; RIKEN/Wako postdoc, resident in CERN

Masahire Okamura joined Radiation Laboratory 15 December3

Junkichi Asai will join 15 of April04, RIKEN Spin Program RA (Kiso Tokken)

Powerful Fellows, Brendan Fox, Federica Messer; both left due to the persorial reason.
Wei Xie (Fellow, started Jan. 04) |
Dave Kawall (Fellow, starts June 04)
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Students in 2003/2004

W Longtime issue: - RIKEN could support students only When they
‘were Junior Research Associate or JSPS fellow. |

B Hiroki Sato, now phD, AGS-RHIC Thesis Award, JSPS Fellow
W Established the RBRC Young Researcher (Many Thanks to MSC )
W Viktor Siegle (Heiderberg) =>Finished his diploma at home
M Yoshi Fukao (Kyoto-U, RBRC-YR =>JRA from April 03)
- W Takuma Horaguchi (TITech, RBRC-YR=>JRA from April 03)
B Hiromi Okada (Kyoto-U, became JRA2 from April 03)
B Takashi Hachiya (Hiroshima-U, became JRA2 from April 03)
M Kazuya Aoki ( Kyoto-U, will be this year’s candidate)
n Junpei Takano (T.L.T, JRA,from April04)
M Fukutaro Kajihara (Tokyo U, CNS, JRA, from Apr1l4)
B Yuji Tuchimoto (Hiroshima U. JRA, from April 04)

B RIKEN relaxed the 11m1tat10n for stuents | | 8:
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“Storage is enough for three years of RHIC data
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Prospects of Spin Dependent Fragmentation
~ Function Measurements at KEK-Belle

« KEKB
~ Asymmetric collider
— 8GeV e +3.5GeV e*

— %=10.58GeV (Y4S) i, [y
— Beam size: 100 um(c,) x 3 um(g’y) .
— Crossing angle: 11mrad
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Spin Averaged FF
- _ 4 Viktor Siegle, Sceren Lange, MGP

Charged Pion'Fragmentati»on | 3 |
 with 0.3% of total sample | “World Data” for charged hadrons
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—>*VERY* large sample:
~ SInupt for A, in inclusive
hadron production at RHIC?
->Map out high z-fragmentation
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Analysing Power Collins + Gluon Rad

Collins: QCD radiative Background
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 with the VTX

Gammaﬂets o
Without the VIX  With the VTX

X0 v, xitroe) | xtreconatruct) vs. x(true) |

In p+p or ptA
collisions, the VTX
works as a stand alone,
large solid angle
tracker

The VTX is used to
detect the recoil jets in

the direct photon RMS resolution of x,
eventS. ‘ ) | [x1(true)-x1(mconsiruci$]l¥1(tfue) ]

PYTHIA simulation

05-'5:02 0,04 0.06 0.08 0.1 0.12 0.14 0.160.18 0.2 0 0.62 0.04 0.050.88 0.1 0,120.14 0.16 0.18 0.2
x(true) x(true) -

acceptance
— RMS resolution of
initial parton x is ~20%
with the VTX

LTt DR P LT T LT Y PP PR PR PP PR R ) . 15

55004 0.08 508 510955, 34 B.{8
x,(true
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Barrel detector
(GEANT model)

Barrel VTX detector

Summary of the parameters of the VTX

D I o
i o
[] I] /"//(/" )
e

A\
E NN
z ! o~

VTX Layer R1 R2 R3 R4
Geometrical R (cm) 2.5 6 8 10
dimensions

Az (cm) 21.8 25.8
Area (cm?) 280 890 1240 | 1600
Channel count Sensor size 1.28x 136 3.43 x 646
Rxz (cmz)
Channel size 50 x 425 pm’ 80 um x 3 cm
(effective 80 x 1000 pm?)
Sensors/ladder 2x8 4
Ladders 10 10 14 18
Sensors 160 40 56 72
Readout chips 160 480 672 864
Readout channels 1,310,720 61,440 | 86,016 | 110,592
Radiation length Sensor 0.2% 0.4%
- (Xix0) Readout 0.16% 0.7%
Bus 0.14%
Ladder & cooling 0.7%
Total ‘ 1.2% 1.8%

16
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~ Pixel at CERN (NA60)

The Pixel detector is used for target

spectrometer of NA6Q experiment at
SPS

A part of RIKEN and StonyBrook
group participates in NA60 to gain
experience of using the pixel detector
in a real experiment

The pixel detector worked very well in
the recent In+In RUN of NA60

The success of NA60 run |
demonstrates the capabilities of the
pixel technology:

— High efficiency

— Low noise hit rate

— It worked in extremely high radiation
environment (>M rad during the run)
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Barrel strips detector

Outer 3 layers use Si strlp detector Sensor structure (Vef 1)
technolo : o T
gy . x.mlpl o g:‘l‘l:fll
~ Use a novel, single Slded two ok

, L
Tud Metal (% metal)
Y-strip

dimensional read-out sensor
developed by Z. Li of BNL Inst.
DiViSiOIl . » ' P'?dr:: z‘:clﬁ:ge
80 “’ X 3 cm Strip | ! . L lZ.Li,Inst..Dh'.,B.\:l‘.l '."'“
X/U stereo read-out - One strip sensor chip
384 x 2 x 2 per sensor ch1p (64.6

Vi prototype was tested by
RIKEN group

V2 prototype 400 p and 300 p
thick is being made. (Will be
delibered in this year)
4 sensor chips / ladder

~ R2 (R=6cm) 10 ladders
'— R3 (R=8cm) 14 ladders

— R3 (R=10cm) 18 ladders

0¢

i

3 Tagin

IIIIII
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Stnps detector read out

Use SVX4 ch1p developed by
FNAL/LBNL for the Tevatron
SVTX upgrade

— 128 ch/chip

— 50 p pitch read-out

— 42-deep pipe line

— On-board 0-suppression
Designed for AC coupled
device. (Z.Li Sensors DC-
coupled)

— Frequent storage-cap reset

— AC/DC conversion by RC

chip in the pitch adaptor

Recently, Tevatron SVTX
upgrade project was cancelled.
Three are already sufficient
SVX4s produced. We are in
negotiation with FNAL to

- purchase these chips.

SVX4 Chl )

a) Sensor bond-pad ows

s

Read-out scheme:
2 Read-Out Cards
(ROCs) mounted on
each sensor. Each

. svxe [l svxa l svxt ' '

X\ipw U-View 3

One ROC

|

jew Readout

One sensor

X
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Silicon Vertex Tracker R&D

,,,,,,,,, e Beam test at KEK by RIKEN/Kyoto
S()urce test at RIKEN - Location at KEK-PS T1 beam line

- s AL - Various particles(0.5-2.0GeV/c)
« We put 7 silicon sensors and 3
scintillators for trigger counters

= CAMAC and VME hybrid

' p!ast|c scinti.(1*5*1 cm)

plastic scinti.(5%5*0.5 cm)
enable rotate

Y

-
b T d

7.5¢cm 8.5cm

*distance of other sensors is 3cm

48] (2.5
1
3 3 o
R [T
108~

5 e

L
[+ 159=

-
g pra
2 26t H
s"@lﬂl 81 .00 4 g“lo"‘.’ LX) 43 #X 33 s.‘-ﬂ,lmu~!' 3 N 23 04 OF 1:"““‘..7 _(."' Y (Y]

residusl x fmm) vestduid x fmmy vaskdual & {mimy rastdud sy

c=52p  o=35n o=45u o=35u
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‘e Material: GFRP
e Cooling

‘Mechanical structure and cooling

Design of support structure by HYTEC Cooling of thg barrel

» Different structures were considered
—> Choose smgle—-barrel shape

» Radiation length <1% per layer

Distortion from thermal stidins |



‘The world first Polarized Collider
18 now producing Physics Results

22



HEAVY ION PHYSICS AT RHIC:
A STATUS REPORT

Samuel Aronson
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Heavy Ion Physics at RHIC:
A Status Report

N )

What has been measured?
What does it mean?
What is next?

69

Sam Aronson, BNL
March 24, 2004
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The Physics of Heavy Ion Collisions

'm Create very high temperature and density matter |

e as existed a few psec after the Big Bang
* hadron-hadron separation comparable to that in neutron stars
* collide heavy ions to achieve maximum volume

~m Study the matter produced

e how hot and dense is the medium?

e is thermal equilibrium reached?

 what are the transport properties and equation of state?
» do the hadrons dissolve into a quark gluon plasma?

m Collide Au + Au ions at Vs = 200 GeV/nucleon pair
e Study p+p and d+A to compare
* Also polarized p+p collisions to study nucleon spin structure

Heavy Ions at RHIC - S. Aronson BBMEH
) NATIO L LABORATORY(

-
~
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Quantum ChromoDynamics at RHIC
m Color charge of gluons = they interact among
themselves

e theory is non-abelian
e curious properties at long distance, including confinement

> ........... < N >W<+

—
short distance: force is weak [ [acD potential at
(probe w/ high Q?, calculate with [ | - T=0 I
perturbation theory) | |
large distance: force is strong (probe w/ low Q?,
calculations must be non-perturbative)

~ high temperature: force becomes screened by
produced color-charges (gets weak)

Heavy Ions at RHIC - S. Aronson N?TFMTEJQY

Vi
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E*d’o/dp® (mb-GeV?e?)

Aolo (%)

(Data-QCD)/QCD

From simple to complex systems: p+p, p+A, A+A

1 .. - ‘ .
o b \ P-P PRL 91 (2003) 241803
10° : 0
10° I PHENIX Data TU
1o — KKP NLO

= ===~ Kretzer NLO
10
ic*

10’ " R

.EGood agreement

10 . e
=with NLOpQCD v.
- I

0E- ' '
-20 £ ' .
40 E- : —

4 = ‘ C )
2 '
l- - , . g .

: E_ .':."'m"\ ......... d)
o bs "-’-*-'-‘*-v'.'e;‘;,;'.-'.;'.-'..‘_:;'::::,--,-;,-,----«_,: |

Pr (GeVie)

Heavy Ions at RHIC - S. Aronson NETWY
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4

start with pQCD & p+p |
collisions: it works!

Have a handle on initial NN

interactions by scattering of
q, g inside N |
We also need:

£, (x Q?) Parton distribution functions

D, /3(20,_02) Fragmentation functions



QGP physics is non-perturbative: 5
calculate on lattice

B

we look for thSiCS | Karsch, Laermann, Peikert ‘99
beyond simple 160 " e —
superposition of NN | :‘;‘; ! ‘
at low 4 o0l
momentum/large e/T 80 |

_ distance scales: ol St |
Equilibration 1. . m
Collective effects | OS5 1o] e 20 28 90 e840
Energy, color transport | T/T,

in dense medium T.~ 170 = 10 MeV (1012K)

Deconfinement? g~ 3 GeV/fm3

Lattice QCD says we must
create these conditions to study quark gluon plasma
“RHIC Heavy Ions at RHIC - S. Aronson BROO ME“

NATIO/M(L LABORATORY




history of a heavy ion collision

g, pressure builds up

oy ete, piw mKpon b AAEQ,.d,

Real and virtual photons from ~ Hadrons reflect thermal
quark scattering most sensitive properties when inelastic
to the early stages. collisions stop (chemical
Probe also with q, g scattered freeze-out).

(hard) out of incoming nucleons

focus on mid-rapidity (y=0): the CM of colliding system
90° in the lab at collider

Heavy Ions at RHIC - S. Aronson | N?TWTEO"R\.{




did something new happen at RHIC?

LYA

m Study collision dynamics (via final state)
Equilibrium?
1 f \ - hadron spectra, yields

4 / s
) %@%9’

o0 e O

> Collective behavior?
i.e. pressure and expansion
- elliptic, radial flow

m Probe the early (hot) phase

Create probes in the collision itself: £ —
predictable quantity, interact ——-{ e —
l/ A

differently in QGP vs. hadron matter

fast quarks/gluons, J/y, D mesons QP

thermal radiation

Heavy Iops at RHIC - S. Aronson ek /ML T



RHIC at Brookhaven National Laboratory

9L

RHIC is first dedicated heavy ion collider
10 times the energy previously available! |
Heavy Ions at RHIC - S. Aronson BRO

‘NATIONAL LABORATORY
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Is the energy density high enough?
PRL87. 052301 (2001)

‘Energy L to i
beam directionl | . E
N () ]
N 10 E .oo -
e = 1 1 ) dE , | . 3
¥ " gR? 2cr dy N T D AN T
0 0 10 20 30 . 4 50 60

per unit - T W R E, (GeV)

velocity Il to beam 200 S 600 dE/d" |1

—>&>5.5 GeV/fm3 (200 GeV Aut+Au)

 YES - well above predicted transition!

Heavy Ions at RHIC - S. Aronson | N?I‘Il‘}?hg B ORATORY
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pPQCD in Au+Au’-> dlrect aI%ohtonls "
t 120 D 1tasow0r S ‘

, Yror/ 'Ygo Au+Au 200 GeV/A 10% most central collisions
- PHENIX
g5 | —
5‘? - - '(YpQCD X Ncoll) / Ybackgrdund Vogelsang/ CTEQ6 ' P 7' ellmlna’:y
R 4
E. E - (Y pQCDX Néoll)/ ('Y backgroundXNcoll)-
~ 3.5—
® F / the real  suppressio “*‘*
£ SE .[w " e real n suppres ym]. “
8¢ [ [if there were no 7 suppression]
& E
z %
1.5—

. i L b 4 | S 1 § | 1 1
0.5 2 4 3 E 10 12

N [y/ nolmeasured I'y/n ]background Ymeasuredl Ybackground Pt (GeV/ C)
Heavy Ions at RHIC - S Aronson BROO!

NATIONAL LABORATORY
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pressure: a barometer called “elliptic flow”

11

Origin: spatial anisotropy of the system when created, followed by

multiple scattering of particles in the evolving system

v,: 274 harmonic Fourier
coefficient in azimuthal
distribution of particles with
respect to the reaction plane

Yy y
O o
—ol o o—
% Mt - - X
Almond shape —O o
overlap region s 9
in coordinate _ .<l§___x.2.2 Vy = <C032¢>
space T+ 4 = atan P,y
| | Px |
Heavy Ions at RHIC - S. Aronson BROO

NATI OML LABORATORY
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v, measured by the experiments

130 GeV: 0.075¢< p, < 2.0
200 GeV: 0.150< p,< 2.0

g’ 4-part cumulants

Vz-o 05 ae

08

-

T
a E -~
it 2 B N
o .
Lt 1.t i | { ! L

08 02 03 04 05 85 07 68 63 IIEEEEEEREEX
V.1 '

centrality (%)
. v — N S 40 mnnnnnnnnnne
- Consistent resufts sssussso&smssezsmsms !
- At 200 GeV better pr'onounced decr'ease :
of v, for the most peripheral collisions. -

Heavy Ions at RHIC - S. Aronson Ngmy

@ NG

A MG .
200 GeV: Preliminary

0 5 100 150 20 20 0 %0 4y
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vy predicted by hydrodynamics

13

o aEN 0 4. see large pressure buildup
o08F- l] [] Hydro, alcule.mon_s; e anisotropy — happens fast
F s [l Huovinen] o v, reproduced by hydro
°'°6?* * . U P. Kolb, - — early equilibration !
o.0ak- u U. Heinz - .
- STAR H 4 3
oo..'otz...o:fj‘o:s”'ots.'.;l_ . _Kolb,e’gal
central—>  Men/Mmax 10} } # STAR o

Hydro can reproduce magnitude
of elliptic flow for p, p. BUT
must add QGP to hadronic EOS!!
(Similar conclusion reached by
Ko, Kapusta, Bleicher, others...)

Large v, and fast equilibration

- huge cross-sections

Heavy Ions at RHIC

hydro
- resgnance gas

e

0.75 1
pT (GeV) l

NATIL U)&’A L LABORATORY
'
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Locating RHIC on the phase diagram 1-

- : - - .
':8' ‘B A/A Bz B0 nie KKK P/ KA oM AN Tl 10 s Pip KK K/z prQmesg)
& e 4@-§ﬂ§ﬁgﬁ : o
early universe S & P e
250- : - :
= H v
. % STAR ko : e
ET o puEN : -
200~ - O PHOBOS - - H
........ - A BRAHMS -%- : k'
T N . Y130 Gav & : VFrae290 GeV
5 . _ . Nodel re-St with el data + i[ Model prediction for
150— § . . : 1 b T = 178 MeV, s41Mey | i 3| T 177 MaV, * 29 MeV |
: LER ~ - E ___ Brauadluncinger et al,, PLB 518 (200%) 41 . i D.Magestra Juty 22, 2002]

------a----.-------.;.
e

100~

<8

'From fit of yields vs. mass
(grand canonical ensemble):

\ neutron stars Tch = 176 MeV
0 200 400 600 800 1000 1200 mB =41 MeV
Baryonic Potential u; [MeV]

50~

Th_ese are the conditions
when hadrons stop interacting

Observed particles “freeze out” at/near the deconfinement boundary!

Heavy Ions at RHIC -.S. Aronson. o »-mnpmﬁzlt mnomrto“n |
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Jets: calibrated probe of the medium N

schematic view of jet production

Jets of hadrons arise from

hard scattered quarks | adrons f /« / eading
Observed via fast

leading particles or a
azimuthal correlations |
between the leading  nhadrons / |

P articles | leading particle

But, before they create jets, the scattered quarks
radiate energy (~ GeV/fm) in the colored medium
— decreases their momentum

— fewer high momentum particles L beam

— “jet quenching”

Heavy Ions at RHIC - S. Aronson BROO l(ll/l’lEN

NATION/KL LABORATORY




Y8

Central Au-Au: high p, suppressed!

Vs = 200 GeV

16

PRL91, 072301(2003)

~ Yield,ga /(N o)  Yield . [(N..>.
AL R . 4 AuAu;: plnary AuAu. Rpart _ “Ie. AuAu < part)AuAu .
H%ENIX " Yeld, Rax =— Yield,, /2

o

1.8 o—

- ® Contrale (0-10%) || 550 o Reit = N0 ANGE=1dy
16 B Periheral? (80-02%) [| @ [ A N AN Ty
141 | Iy 2:

N v .

12 £ AT
| R0 SEEOTIS SRPIREN R Fecorenenmncnnrcennins -l "S5k
LIt <)

08 & |

o T Y < F U
0.6 S et oty Fiadaatt
e TLL + H Neaw x dNCY:<Idy

- 0.5 % |
02 $o000 0. 4 %4 o

i ® ®

o- i ] l.l ], i (| l i i 1 [ i ] 1 ! 1 L ] l l ‘ l .

0 2 4 6 8 10 ollLl..lllj F AR W) jlllllllll.lt}llllllll

0 50 100 150 200 250 300 350

Noort

Heavy Ions at RHIC - Sf Aronson Nﬁﬁu;;?xx_ LA'ﬁBORéTEOl!Y



‘can look for the jet on the other side "

68

- Periphera] Au+ Au B T S
= STAR 200 GeV jA njc14 STAR PRL 90, 082302 (2003)
$ D, (Au+ Au) = D,(p + p) + B(L+v; cos(2A¢))
E 02
5
e S
g o4 185 |
ZE I 145
< L §'.1.z§— near 31de _
| s e daaa b eyl alon % 'i :{'
T adany) o +
Central Au + Au ;ﬁ:j;‘
~ ~ STAR200GeV|An <14 v ’:_
3t b 02F  away side + + % $
g 18 TPty ‘ OE_ | | 8|
"’m- o'.solmo 1sozonzsosoosso4oo
g peripheral . central
Z Back-to-back jets are

bt quppressed in central collisions!
A ¢ (radians)

Heavy Ions at RHIC - S. Aronson Bnﬂﬂl(nﬁ“

NAT I/Nﬂ(L LABORATORY




2 , . .
& 2 < :
14 . dAu min. bias ]
15 |-
1k I~
[ PHENIX PRELIMINARY ]
[ & = 200 GaV, charged hadrons]
0.5 - -
0 : 4 ] i A n n ] L " .
o 2 4 6 8
' p,(Gewc)
3 W 1
i i“; 1 aoosev
3 10" \ S/A\TAR m.Au . P+p
-’ ~'»° 10‘2
’Gﬁ = 10° - (hen'y2
§ § 167 . STAR Preliminary
10° R
é = z 10° ..
T E e
> MR -dmmm&mmm % e e
;s'z;""""' ottty
g 1ot WA | 3
L el ]
4 L % ...... e bttt ik 3
pr (GeV/c) | (Gewc) S, ' 2 4 8 8 pﬁk v f;;g
PHOBOS Prellmmary |

ORY
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Centrality Dependence 0

Au + Au Experiment d + Au Control
4 2_ T ‘ t T T | T | 1 [ ) [ 1 ] J - 2_ 1 ‘ 1 ‘ 1 | t l T 1 I 1 ‘ 4
b Aut+Au 200GeV EPE NS J PHENIX
: J o 18 i preliminary
qef. W N+hTO-10% /NN O a°00%INN 3 4 6f =
1.4 4 1.4F -
1.2 4 1.2F -
1 ! = I |- ]
0.8 4 o8k 3
0.6 1  osef * ]
0.4\ 4 04F -
- - d+Au 200GeV = h"h"0-20%/ N+N
0.2 0.2 _ -]
.. - B
ol— o Lo b b b 0' PR U RS NS TN NN TN NN YR SO MONN MUY TN MY
o 1 2 3 4 5 o 1 2 3 4 5 6 T 8
p,[GeVic]

m Dramatically different and opposite centrality
evolution of AuAu experiment from dAu control.

m Jet Suppression is clearly a final state effect.

Heavy Ions at RHIC - S. Aronson BROO

NATIONAL LABORATORY
.‘1/
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Are baryons from jets suppressed?

20

25

e

e (PP )12 * $>KK 1
_-— o
Py 0-10%
0-10% : 40-92% ]
60-92% PRELIMINARY -]

PRL 91, 072301, (2003)

—h
Lé )
AT T T T[T TT T[T

Aushu fime200ev  [ETEONIT ' 5 smqummfgxqim&wwmr
T e

e A NN

g ,
N L I § W i - i-. {F’"
- | 1 i
o1|1111L1111LL:l;lllll:llllll;i'A;;: i~
o 1 2 3 4 5 & 1 .3
pr (GeVic) g"Fg
Baryons look not suppressed e
o Negpat pr=2 -4 GeV/c ) S —— P — P
. P, (GeVic)

Heavy Ions at RHIC - S. Aronson

nﬁgymﬁm
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What about heavy quarks?

68

m Open Charm

m J/y o
o Test confinement: do bound c + ¢ survive? o O.O ®
: . 5.
or does QGP screening kill them: 0o, /ﬁ O
) oe (@)

 Extra heavy quarks from hot, dense gluon gas?
« Do the c quarks lose energy like the light quarks?

Need (a lot) more statistics (currently being collected)

But can take a first look...

Heavy Ions at RHIC - S. Aronson BRO EVEN

NATI}N/KL LABORATORY
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'J/v at RHIC

40-90%  20-40% 0-20% |
10 most central most central most central o Look at J/¥
§ 0% > nucl-ex/0305030
=2 0455 '
8 F
b 0.4:—
< = e ¢ )
= 0.35F- - e e=ZU RL. Thews, M. Schroedter, J. Rafelski Phys. Rev.
B o.at— 4 ﬂ remeer C63 054905 (2001): Plasma coalesence model
3025 I ST =H0OMeV and Yz =1.0,2.0, 3.0 and 4.0.
e & FE P T e
= 025 Il e
b 0.15F
% o '
- U L. Grandchamp, R. Rapp Nucl.
0.05F Phys. A&09, 415 (2002) and
ob ) Phys. Lett. B 523, 50 (2001):

1 5 el R

0 50 0 150 200 250 300 350 Nyopoar ?\bsorption+’ absorption

' Number of Participants ., , high temperature quark gluon
plasma

Can’t say yet about deconfinement, but don't see EXTRA (thermal) J /v

Heavy Ions at RHIC - S. Arqnson o Ng.llf,nm P‘L ggﬁqé%g‘y
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Open charm: baseline is p+p collisions >

PHENIX PRELIMINARY
H10-1 Tl I T L E 1 ' | I L) ‘ T 1110 ‘ LI AL Bl ' T 1 F 1 l TiE0 ' LB ‘ LI ‘ TVl Measure Charm G Via
ﬂo - -
L~ PP (Ns = 200 GeV) [(e7+e)2 _ semi-leptonic decay
810 —e— Non-photonic to et or e- :
a —— Systematic error '
a0 —— PHENIX pp fit 2, 1. photon
%10“' conversions are
e measured and

subtracted

l Lt I S l | | P | i i1 ] t 1 l I S 1 1 | 1.1 )%
0 05 1 15 2 25 3 35 4 45 5
p; [GeVic]

fit p+p data to get the baseline for d+Au and Au+Au

Heavy Ions at RHIC - S. Aronson Ngﬁg“m%'&
\ | P



Au+Au NO large suppresswn as for hght quarks2

4 -

PHENIX PRELIMINARY

&

Curves are
the p+p fit,
scaled by

the number

p,zs-we: 1 of binary

collisions

F‘1° H1o ||l7] \]lll’l“ll ’lll'l I T 1 II_III I].I|l—|
] »
Lot Au+Au (0-10%) [E"+el2 LN Au+Au (10-20%) (e )2
> )
S —— Non-photonic é —e— Non-photonic
_‘é_m — Systematic ervor gﬂ o ~— Systematic error
o —— PHENIX pp fit o —— PHENIX pp fit
2 2
30 B16*
w w
10° 10°*
10* 10*
B 10"
10' 19‘ LA Ll 1 LA s il L1 1 llllllll
0 05 1 15 25 3 35 4
-'o:'.“ B e R A AR AT AL R LS RN RAARE :454: B R s T T = &4" R O N N RN T S A O T
gﬂa \AutAu (20-40%) [*2 gﬂ‘r - Au (4 (o )2 Eﬂ' AutAu (80.92%) [
%’ _g«":- }w
" C
) be: i
' "
10° e 1*
1" Ry
"' w*

Heavy Ions at RHIC - S. Aronson
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Implications of the results for QGP
d
s Ample evidence for equilibration
e Hydrodynamics reproduces elliptic flow, hadron spectra
e Yields = chemical equilibrium

* Success of quark coalescence = hadronization of thermalized,
‘expanding q - q medium | o
m v, & jet quenching measurements constrain initial gluon
density, energy density, and energy loss

s m parton interaction cross sections >> perturbative ¢
e parton correlations at T > T,

e complicates ¢ c bound states as deconfinement probes!

s Hadronization by coalescence of thermal, flowing quarks

* v, & baryon abundances point to quark recombination as
hadronization mechanism

o Jet data imply must also include recombination betwéen quarks
from jets and the thermalized medium

". medium modifies jet fragmentation!

Heavy Ions at RHIC - S. Aronson Bﬂﬂﬂ“ﬁaﬁﬂ

NATI/O/N/}(L LABORATORY
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But at forward rapidity reach smaller x

5 +- | SR
Rt - 1 y = 3.2 in deuteron direction
w b ’ e 2 .
s vt S — X~ 1023 in Au nucleus
3 f |
(2]
S.F . | Strong shadowing, maybe even
Bof il saturation? |
2 onmspemnay Color Glass Condensate?
2 o e

B e

g . ] a

- - Cerirel Arm LE

g 08 [ ' .;

° 2 s R T

[Phenix Preliminary

Heavy Ions at RHIC - S. Aronson | Bt??l(mm
A ] : NATI.O L LABORATO_RY
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conclusions

e )
m Rapid equilibration at RHIC; hydrodynamics works
e EOS is not hadronic but do not have perturbative plasmal
m Parton scattering cross section is very large
m The hot, dense matter absorbs & transports energy
m Modifies fragmentation function of moderate energy
jets
» Color Glass Condensate? Maybe at x ~ 103 (y>2)

G6

m QGP discovery?
e Probably, though probably not the long-predicted QGP

e Need at RHIC: T, (thermal y, dileptons) & heavy quark
‘behavior (J/vy, open charm, beauty)

Need from theory: consistent model of many observables
Both are on the way...

Heavy Ions at RHIC - S. Aronson N%m&y




RHIC SPIN PHYSICS (PART 1)

Yuji Goto
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RIK=N

RHIC Spin Physics (Partl)

- MSC Meeting at RIKEN, Wako
March 25, 2004
Yuji Goto (RIKEN/RBRC)

0109°X (q-(z-(1)



Spin Physics at RHIC

Longltudmal polarized proton CO”ISIOn,\_%_,,ﬁ

— helicity structure of the proton
~ « gluon polarization

‘— parity violating asymmetnes

» Transverse polarized proton collision

— transverse structure/motion
« orbital angular momentum ?

— transversity distribution | '
» last unmeasured Ieadmg—tmst dlstrlbution \) "'""

— single transverse-spin asymmetries

+ transversity, hxgher thst T»{}dd 3tmcmre d
fragmentation, ..

» Small- -angle pp elastlc scattermg
ﬁ — unpolarized and polarized measurements
)4 .

001

MEEN March 25, 2004 - Yuji Goto (RIKEN/RBRC)



« Origin of the proton spin 1/2 ?

10T

3

Helicity Structure of the Proton

1 lepton beam

= ATrAg+L o

— polarized DIS experiments e gmgf —

AL =0.1~03 - quark \

— gluon contribution
« known poorly from scaling violations in pol. DIS experiments,
spanning a small range of Q?

« SMC
Ag =1.0719 (stat) 3 (sys) 5 (th)
(0% =1GeV?)

RIKZN March 25, 2004 Yuiji Goto (RIKEN/RBRC) 3



Gluon Polarization in the Proton

 Polarized semi-inclusive DIS  iepton beam y/*
' 2 or & Py
— COMPASS/SMC/HERMES Fheany Tlavor

nucleon target

> or & %leuon
e Polarized hadron collision >
~ Fermilab E704 n%/multi-photon (Vs = 19.4 GeV)

5
] . . .
— RHIC polarized proton collider (s = 50 ~ 500 GeV)
proton beam S proton beam "
> or € > or & T
@3‘@‘%\1 e it g — -
~» or & : > of & 6% o
proton beam : proton beam >
@
RIKE

N March 25, 2004 Yuji Goto (RIKEN/RBRC)



Present Emphasis

* Precision measurement of n° cross section

— experimental basis of the asymmetry measurement
established

— theoretical basis by the perturbative QCD obtained

 First A;;, measurement of ="

— discussion of the gluon polarization in the proton
started

€0T

R

RIKZH March 25, 2004 ~ Yuji Goto (RIKEN/RBRC)




RHIC Polarized Proton Collider

Absolute Polarimeter (ﬁ jet) RHIC pC Polarimeters
| & BRAHMS & PP2PP ()

N
“v
-1

.

N

1

. =2x10"s57¢

' 70% Polarization
PHENIX @ Vs =50...500 GeV |

l Spln Rotators& l' — L0 / ,_ . | Siberian Snakesl

§ [Pol P 3 I Partial Siberian Snake
580' mt(g),l(l)() orree |Strong AGS Snake| \' 2 x 101 Pol. Protons / Bunch
MA, HS LINAC £ =20 7= mm mrad

«1AGS Internal Polarimeter

R¥ Dipoles "*~|AGS pC Polarimeters |

[2001-2002 ] Vs = 200 GeV transverse polarized proton collisions

| 2004 — | Vs =200 GeV longitudinal polarized proton collisions

2 — &

RIEZN March 25, 2004 Yuiji Goto (RIKEN/RBRC) 6
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PHENIX Detector

PHENIX Detector

o All baseline detectors

now running

— central arms and south
muon arm ready in Run-2
(2001-2002)

— north muon arm ready in e —
Run-3 (2003) . o
« Common apparatus with - o>
HI experiment |

p. |

RIEEN March 25, 2004 Yuiji Goto (RIKEN/RBRC)
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PHENIX Detector for the Spin Physics

e To survive higher event rate in pp collisions ...

and, smaller number of multiplicity

» pp event rate ~4 MHz at Vs = 200 GeV full luminosity

* HI event rate ~2 kHz at full luminosity, all minimum-bias
events recordable ...

— extended minimum-bias trigger & luminosity monitor
devices
s baseline detector: BBC & ZDC
* NTC (normalization trigger counter)
« GL1P crossing-by-crossing scaler

— rare-event trigger systems

« EMCal-RICH trigger in the central arms
* muon frigger in the muon arms

— high-rate DAQ system (by PHENIX DAQ group)
* 1.4 kHz, 100 MB/sec achieved in Run-3

* much higher design rate to be achieved (~5kHz, 200MB/sec) /.

RIKEN March 25, 2004 Yuji Goto (RIKEN/RBRC)




EMCal-RICH Trigger

-« EMCal

— width/threshold 29% in Run-2 -4
— 17% in Run-3 2]

— acceptance 75% in Run-2 (/[ / 7/ HE
— 95% in Run-3 | T T e

+ RICH —

— acceptance 15% in Run-2

— 70% in Run-3
. hragbsc |

1.—-

’Y (TCO) Vertex

LOT

T EMCal

\ ysandn®s  :EMCal
Mean = 12530404 . electrons : EMCal and RICH

g el = 1645 154 ~ charged hadrons : EMCal (through hadronic
b0 = 872126056 ' interactions)andRICH

pl__ =9709+2784

0.21— ,
. o_[ PRI Y IR ITSNAIE EESUTN T JUSTUNIR NAWE AN | i 1
0 2000 4000 €000

8000 10000 12000 14000 16000 18000 20000

RIEZN March 25, 2004 | Yuji Goto (RIKEN/RBRC) 0

0.8

0.6—

0.4




» » Bazilevsky, A. Deshoande, &
ﬂa ReCOnStrUCtlan H Toru Y Fukao, T. Horaguchs

20-25 | 2530 | 3.0-3.5 | 3540 T £.0-4.5

! [I4.5- 5.4 ] 3.0-55 | 5560 T 6.0- 6.5 65-7.0 | 70-8.0

9.0-10.0 || 10.0-12.0 120-14.0 | | 14.0-169 | LEB-ISIG

c & 8 2 B & B E K B

" JMM&JM@M&@MMI : I-l'l"l N TN e T
% ¥ % "t Bt M2 K3 44 WY KK B> €3 N 1 4 £ ) L LIt 4 &9 &% &7 UX &% .

2
omnﬁﬂxﬁummmmhlnuunn 2 82 mm ok & B3 83 K4 MY NN £7 £ ®3 T G K2 N3 R4 M1 KR KD KR RA

3
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79 Cross Section

‘« Data covers over 8 orders of &

magnitude
- pr=1~13 GeV/c

« NLO pQCD calculation is 10
consistent with our data
—~ within the scale p =

. Confidence in understanding il . ]

60T

sub-processes

 Input to the fragmentation-
function uncertainty

R

RIEEN p\1arch 25, 2004

Ranrecait ™ T
" hep-ex/0304038
' PRL 91, 241803 (20()3)

I PHENIX Data
— KKP NLO

s Fo gy e AFE &
s frgizas (NELD

E*d’c/dp* (mb-GeV2c?)

9.6% normalization ¥
error not shown -

prl2 - 2py

Aclc (%)
‘ [

4 E ¢
8 2F B
¢} -
8 0 M
8 3

4 F .
é o f‘?#'{ \x.m d)
S 2 N e N
R I

0 —« & o o

] . 5 10 15

p; (GeVic)

Yuji Goto (RIKEN/RBRC) 11




A, Measurement of 7° N. Saito, Y. Watanabe
* Relative luminosity W dO'_H. _dg_*___
PHENIX local polarimeter “do, +do,
— neutron asymmetry discovered at 1 N,-RN,_
IP12 in Run-2
. P P, N ,+R-N,_
— ZDC+SMD at PHENIX
— commissioning of spin rotators R L.

(1191

— monitoring transverse/longitudinal
components of the beam polarization
vector during the physics run

* Asymmetry analysis procedure

— bunch fitting method for asymmetry
& relative luminosity evaluation

— bunch shuffling method for
systematic error evaluation

[

RKEH March 25, 2004 Yuji Goto (RIKEN/RBRC)

K. Tanida, M. Togawa, Y. Fukao,

P polanzatlon
: N: yield of signal
R relative Iummosﬁy

12



Relative Luminosity

« GL1P crossing-by-crossing scaler
— 4 x 120 32-bit scalers: BBC, ZDC, NTC, ...

 Achieved precision 6R = 2.5x10*=» dA;; = 0.2%

— evaluation limited by ZDC statistics
« 30 times less than BBC statistics

« A,, of BBC relative to ZDC smaller than 0.2%

— consistent with zero

— strong indication that both A, ’s are zero
- very different kinematical regions, different physics sugnals)

Hﬁ% IPIIEHQI)(I)emector

s e . BPRO
“os 4y, cmur 1 Magno a‘&\@ { I e B R
00 . g P v -
i 2, . L . 43
o, B o L3
ZDC South

TIT

gN
M?
z::z:::m
mw
R R |

T | . i
: fﬁtmwmewrjjf‘ 1 5  e ane \
o . i S S .
L South Side View North .

REEN March 25, 2004 Yuiji Goto (RIKEN/RBRC) 13



1T

3

RIKEN March 25, 2004 Yuji Goto (RIKEN/RBRC)

A, Measurement of n°

1 paper in preparation |
< £ A from pp at \]__3—'-'_200 GeV |  circulating in the collaboration |
Wb PHENXPreliminayy | tobosubmitedtoPRL
0.05- GRSV-mar . | GRSV-max: AG = 1.84
of GRSV-sid | GRSV-std: AG = 0.42
- | ! (at Q2 = 1 GeV?)
¥ [ I
-0.05[ I 1 B. Jager et al.,
- PRD 67 (2003) 054005
0.1 NLO pQCD calculation
~ Polarization scaling error {
015 ~30% is not included
* i | 1 | 1 | 1 | i | i
0o 1 2 3 4 5 6
p; (GeVic)

polarization scaling error 6P/P ~30% is not included:
- analyzing power A,(100 GeV) = A, (22 GeV) is assumed
- oP/P ~ 30%: combined stat. and syst. error for A, (22 GeV) [AGS-E950]




Gluon Polarization
« NLO pQCD calculations

B. Jager, M. Stratmann, S. Kretzer, and W. Vogelsang: hep-ph/0310197
0'2_—‘"""'] L T T L AL "I"*r'l""_

0.06 i T T T l T 1
- XAg e - _ pos B AT E
0.15 | ,_,-" Y 1 LL Ag e g inpat ]
ok n==25GeV f,‘_,’ \\‘ _: 0.04 :_ NLO _:
¥ 7 GRSV 1 1 L R = 10 Gt b
- . - “standard“\q, ] D03 = V8 = 200 Gey -
005 |- PR ;
F ol 0.2 t Ag o o input
i} ] 3 1
. \\//: 0.1 :- ﬂ‘g-—”‘ -: .
N ] C ]
805 [~ 7 oL ]
L Ag:- Oinpu ]
E At 13 a vl sl L1 4 it Y RS SO W TR A N ST RN TOOOY JUY YA TN OO M AN YT TN N O O N U 1
0 0 0" | 1 2 3 3 5 6
x . [GeV]
M. Hirai and K. Sudoh: hep-ph/0403102
0.4 .06
m———— AA N 4 — M
31 <.« sample-1 i -o- sample-1
o~ 02] == sample-2 hody .. sample-2
bl &= 4 (36
"E‘iﬁ : = j 0.03': &
< O.14 N ! < 3
5-{ N ‘s’_( 0-02: . o ’
0 :;| ---.---i."—.-.--—“‘.-‘n:n.‘ l-'ﬂ; 0-0“3 . “ :
"0'1- ’ e T ey e “® ’ e d {}‘ T :‘j T N
...0‘2 Py ey YT e e a0 0 *“-01: T T L A :-.‘
0,601 0.01 0.1 1 ) 2 4 6 8 nw 12 14
) X Py

RIMEN March 25, 2004 Yuiji Goto (RIKEN/RBRC)




Gluon Polarization
« NLO pQCD calculations

— cannot make sizable negative A, in this kinematic
range: gluon-gluon interaction dominant
Ag(x)xAg(x,)>0

— sizable negative A;, possible at higher p; range:
gluon-quark interaction

Fraction of _n‘_)s‘ produced

YT

[

RIKEN

March 25, 2004 ' Yuji Goto (RIKEN/RBRC)



Advantage of RHIC Polarized Proton Collider
- High Vs and high Q?

. \/S =200 GeV scale dependence of NLO pQCD
. ) (M. Stratmann and W. Vogelsang)
=» 500 GeV in the future -

st olu/2)

« Perturbative QCD applicable ¥ | /R S
— scale dependence of the NLO  *| feronper
pPQCD calculation in the cross | (hacron peirs)

(/' 2)/ (ke

z section measurement _ T i
0. down to 1 GeV/C 2t (inclu:iljgwc):drons) ’ "
¢ 7TV. L S R A
<, » . . [ \
<> direct photon in the future 1 —
L PHENIX
— scale dependence is expected : (direct phistone)],
to largely cancel in the T

py [GeVl

asymmetry measurement

R

RIEN March 25, 2004 | Yuji Goto (RIKEN/RBRC) 17



Advantage of RHIC Polarized Proton Collider

9Tt

R

RIKEN

* Cancellation of systematic
uncertainty |

— flexible combination of spin
direction every crossing

March 25, 2004

Polarization Pattern at 4 and 10 o’dlock IP's

-l -l 3] 2] B 3]
-t P4 ped e ey

Y [O@ (9000008000018l 18) 8010 e e lel e B o S L L s
B Cimieiz| {sie|z| jwel | leie) ] |ele} o] |elel | lele) | jelel: ] jele] ] elelc]: - lelel | |ele] | lelel
-t -t N w & 14,1
- -h -

-t -

Polarization Pattern at 6 and 12 o'dock IP's

- pry B b4 2 2

Y Celle el e]|e) N o o 2 o D R L L B ‘Lf.ii?.';.‘.\,'.:‘? G e8]

B (O[] e e Olsle]:|-lele 1 I e e e O e s e e e e e
s 2 - e - 2

Polarization Pattern at 2 and 8 o'clock IP's
Y. Jolollo]{of{o]: o[ il Jf-ll. Jo-folcl{of: o] o] o] o] fl Il o oo}l fol- o | |

{11
B ol lelel-}-|e(ei:|-lele|_{-|eis]-|-lelelc] |-lejs]-| jele] | Jelef=|-] 11 T] loall[.[:,[.:lclok|4:|o|o|::|::‘.ln{||;;I:‘Mo[\,l
N [ H [ - s

-l Py -h -t N -t

& SpinUp
< Spin Down
O Unpolarized

Yuji Goto (RIKEN/RBRC)




Single Transverse-Spin Asymmetries

« BBC (beam-beam counter)
— STAR BBC (n: 2~5)
o Ay~ +0.5% |
— PHENIX BBC (n: 3~4)
* A\ <0.3%
o Ay~ -5% with same-side ZDC coincidence
« Ay~ +3% with opposite-side ZDC coincidence

=+ Mid-rapidity n®/ charged hadron
A { Negative Hadrons | [_Positive Hadrons ]
(z |Polarization scaling error <z Polarization scafing error
0.05 L. = 30% not included 0.05 L. = 30% not included
¢ I 0 -
*

005 ’ 005k

@ pr (GeV/c) p; (GeV/c)

RIKN March 25, 2004 Yuji Goto (RIKEN/RBRC) - 19
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Single Transverse-Spin Asymmetries

[
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2
[3]
=]
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o
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March 25, 2004

->
(=]
T

-
T

1 Uncertainty = 17%\

Data 3.4<1<4.0
® 1’ mesons ((n)=3.8)
NLO pQCD calc.
— KKP F.F. (n=3.8)
- Kretzer F.F, (n=3.8)

Normalization \\

AN

/pT) 14 16 18 21 '@2 GeoVic
............

25 30 35 40 45 50 55 60 65
E; (GeV)

Neutron at IP12

Forward n0at STAR

205
=

& 1 mesons (3.3<n<4.1);  Assumning
04 © Total energy (3.3<n<4.B) A7"=0.013
“I— Collins

- Sivers
0.3F— Initlal state twist-3

== Final state twist-3
0.2

0.1p
1]

0.1f ‘\

[ Pp= 101113 15 1.8 21 24 Gevic

1 2l Lotsa s ls sy taal e 1
0402 03 040508 07 0.8
Xg

0.2

—-11 % | Neutron Asymmetty ¢ Disttibution | 'é;" T 1194 oy
& 0% . TE 0oz oo =
0,156 Preliminary : g
“IOE b2 00155 s
01 2 001 -
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-0 —‘I’ . i §~~~~‘}—-~§» E 0 0 é’
E =3
-0.05E | g-0.00S 0.01 §
0.1 ) 2 0.01 2
= * positive xg | -0.02 &
.15 . - ~0.015
2 o negative x.
_02:|l1|||||||| ........ Lasa s bagggl 0.02 003
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' ¢ (rac)

Yuji Goto (RIKEN/RBRC)

' hep-ex/0310058 |
. to be published -

paper in preparatlon

. to be submltted
to PRL
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H D. Sato, N. Kamlhara A Taketani

i ﬁ v ?( \\

. First heavy-flavor measurement
in pp collisions at PHENIX

‘Run-2 et
hep-ex]0387619
PRL 92, 051 802 (2004)

w 20— uniike-sign — unlike-sign g 10 &~ Iy -»ete | Ty —sp'w
g fLIl - like-sign - like-sign 2 ' '
515 Y 1t F
U 3 : 3 ‘
vt -4 - SN
10 * o5 10 \\
~ %‘ -2 ".-‘w "« o
5 S 10 S NN
- m '\.‘. \ \
s G i) g4 ) 6: 10’3 1 ) Lo (R | } L} L 1
e BT . :
2 3 4 X 16
* Inv. mass (GeV/c®) Inv. mass (Ge\’/c ) py (GeV/c)
~25

........ Pythia (GRVI4NLO)

RIKEN prarch 25, 2004

Yuji Goto (RIKEN/RBRC)

(a)

<py>(GaVic
i
n )

fed

2017 ——— COM (GRVSSNLO)
e wrsemses COM (MRST2001NLO) 05"  ——Fit(p+qInVs)
6 ] 1 - 1 g o :
-3 -2 -1 0 1 2 10 10
rapidity \i (Gov)

PHENIX

-

e COM{GTIVIBRLO)
COMMRST200INLD)




e n Y. Akiba, J.M. Heuser, H. Kano, H. Ohnishi,
Silicon Upgl‘ade V. Rykov, A. Taketani, J. Tojo,

N Salto M. Togawa M Wagner

ashpande, D.E. Flelds

* Robust measurement of heavy—ﬂavor productlon
- Reconstruction of jet over large acceptance |

=» Gluon polarization measurement
— enhanced x,,,, coverage
— overlap of the coverage by multiple channels

0zt

xask) T |
. 1 2 LI “"I T E «\‘gx,;f:«’..(‘,_ g ' YN . N—
1 L G895 L AG(x 4 GeV?), NLO u
08 L A — - |
®) -
06 L © . _ : i
04 |G &) .. m _‘.t photdn
cc—ddisplaced)
0.Bbe/p+disple
0 ::'"""""""“'d/\[r—-;ee---mr;._.;-_.,,_
-0.2 ERTTT EEETITTTTY BRI

p o 0.001 001 0.1 1 /1
e L | x '

RN March 25, 2004 Yuji Goto (RIKEN/RBRC) 22




Silicon Upgrade

« Silicon pixel detector R&D
— RIKEN-ALICE collaboration

— ALICE beam test done in Oct.—
Nov. 2003

— collaboration with NA60O

« Silicon strip detector R&D

— “stripixel” detector by Zheng Li
(BNL instrumentation)

— KEK beam test done in Dec.
2002

— collaboration with ORNL for
SVX4 (FNAL/LBNL) readout

« PHENIX VTX proposal
P — submitted to BNL on Oct. 2003
L

171

RIKEN \1orch 25, 2004 | Yuji Goto (RIKEN/RBRC) | 23
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Other R&D’s

Luminosity measurement
— how to count multi-collisions ...

W-trigger upgrade

— how to survive full luminosity ...

. i,
§oep e an ey
/ §\M k F LETOSS [

M Wagner K. Aoku N Saito A Taketam‘

* R&D’s in Run-4 (Apr-May)

— RLT (relative luminosity telescope) & muon
background study

— STAR scaler

March 25, 2004

Lo

“ﬁ"ﬁ“‘“ .....
Lt l\ﬁﬁﬁ/]

.....

-

Yuji Goto (RIKEN/RBRC)

Las

a
e
w3
LN
A=)
==
8- Dyview € Shdeview wasgbecmpips
B3 Side wewpecpeadicuir tebonm pipn
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Summary

e We are giving first results of spin physics at RHIC
— precision measurement of n° cross section
— first A, measurement of n°

- — single transverse-spin asymmetries
~ Jhy, ...

« Many developments have been done and are ongoing

~ extended minimume-bias trigger & luminosity monitor devices
— rare-event trigger systems
— polarimetry

— asymmetry analysis procedure
— ‘detector upgrades

* Many future topics ...

3

RIEN prarch 25, 2004 Yuji Goto (RIKEN/RBRC)
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RIKEN and RBRC Activities at PHENIX

« EMCal
« A Bazilevaky, A Deshpande, B. Fox, H. Toril, Y. Fukao, T. Horaguchi
* Muon |
« H.D. Sato, N. Kamihara, A. Taketani, . g
« Trigger
— EMCaI RICH tngger

MuID trlgger
 H.D. Sato, N. Kamihara

Local polarimeter
« A Deshpanace, 2. Fox, K. Tanida, M. Togawa, Y. Fukao, N. Saito, Y. Watanabe

*  Asymmetry analysrs procedure
« K. Tanida, i, Kaneta, B. Fox
« R&D’s
— silicon upgrade

* Y. Akiba, J.M. Heuser, H. Kano H. Ohnishi, V. Rykov, A. Taketani, J. Tojo, N. Saito,
M. Togawa M. Wagner A. Desh =, Fields

EE»}L Egﬁvﬁ ﬁpr
Iumlnosrty measurement

. Vr VEE%,,

et
*

- W- trlgger

. VY. e, |

RIEEN prarch 25, 2004 Yuji Goto (RIKEN/RBRC) 26



RHIC SPIN, RBRC, RHIC SPIN GROUP

Gerry Bunce
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(1)-2)-¢) G.Bunce

. 25 March 2004
- RBRC Management Steering Committee

G. Bunce

RHIC Spin, RBRC, RHIC Spin Group

Progress in RHIC Spin Program
Polarimetry: AGS, RHIC, Polarized Jet, Local
ALongitudinal polarization estableifs.hed

First measurement of gluon Qolanzat:o with strongly
interacting probe in 2003

Discussion of 2004 and future
—-new 5% Siberian Snake for AGS from RIKEN
in 2004; new 20% Snake for AGS from BNL
in 2005---toward achieving P = 70%, high L
---polarized gas je’t for RHIC in 2004 - P

- ---gensitive gluon polarization measurements in:
2004/5 from n°

--—-precise gluon polarization measurements in
2005/6 from y

RBRC: developing and leadihg the study of the spin
structure of the proton

RHIC Spin Group: STAR, PHENIX and polarimetry

127
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Polarized Proton Collisions in RHIC

- RHIC pC Polarimeters
S BRAHMS & PP2PP (5)
' - L. =2x10"s"cm™
70% Polarization

PHENIX (D) Js =50K 500 GeV
'. X " STAR(B)
Red

Spih Rotators

Absolute Polarimeter (ﬁ jet)

Siberian Snakes

Partial Siberian Snake\\ /*

15)3(1)' ::f: tg‘gos onree Strong AGS Snake 2 x 101! Pol. Protons / Bunch
i \u: LINAC oo i € = 20 * mm mrad

200 MeV Polarimeter <~ - =/ 4—AGS Internal Polarimeter

N . ~ 1 .
Rf Dipoles —F=" 7% AGs pC Polarimeters

nnggxﬁm
NATI 9 L. LABORATORY



129



0€l

Ultra-thm Carboen )
target 5 pglem?
600 psn width

(new for run 3)

e |

% beam

direction

X 2 rings

Si stEip detector

Time, Energ . 4
(Hims &) Polarimetry Procedure

« Measure recoil carbons from p C = 'C elastic scattering

« Exploit analyzing power, Ay~ 0.01, originating from anomalous magnetic moment
p yZmg p N g g _ gn

- of proton. Calibration of Ay required.

» Measure left/right (more generally, azimuthal variation) spin-dependent asyminetry

\[NLTNRJ« \/NLiNRT

SLR— Pb
Y, LTN LN Ngp o

eL_v
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Elastic pTC Scattering Setup in the AGS Ring

ultra-thin Carbon
ribbon (target)
5 pg/cm?
600 um wide

@ beam

\ direction

Si strip detectors
12 vertical strips

s2mm| T7ETE
i 24 mm . . : . '
read-out with  similar setups in RHIC for cach beam

waveform digitizers

NATIQ},‘:!KL LABORATORY

CIPANP 2003 Alessandro Bravar



Asymmetry during AGS ramp (07-01)

00.015 [
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Polarization

el

‘QW’C‘ P‘D LW&WM 2o 073

29 e

i fter energy ramp (+ B squeeze)
injection

| lrm 3587 .BLUE

+ j /After spin rotator ramp
¢ R
\.——b, | po GV

~-
-8
——

IIIIIlIlIlllllllflllllllll’lll,ll

=
—
-
r-
-
-
=
-
-
-
-
-
-
e
-

-

: o0 8 10 12
—&— Vertical pol

- --$> A5 5IMRS AN Qoo QQLD ﬂN Cz‘-f QW) |

Hours




el

o

BROOKNEUEN |
NATIONAL LABORATORY Tl] e

Electronics racks
Vac. gauges monitors

Turbo pump controllers

Dissociator RF systems

Polarized Jet Target

Target chamber &
beam pipe adapters

Magnet ready
for measurements

Dissociator stage

‘Baffle location

Sextupoles 1-4

Sextupoles 5-6

Profile measurement

BRP vacuum vessel




WACUUM
L : | - BAFFLES

ATOMIC L——1K
BEAM -
SOURCE |
"W"“? i W — =
oS T e P g
| _ H (e‘ﬂ

L3 ! = e I
_‘; s LJ‘» AL 1000 | ] ', : ! 200 1j/m: _ ﬁﬁumm; MEUD
i BA S 4
B . | ‘
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A, : PHENIX vs theory

B.J*ger ¢ al., PRD67, 054005 (2003)

J - . .
< [ g A,, from pp at \s=200 GeV

0.1~ PHENIX Preliminary
0.05F G"S"'}
- |GRSY-std
s OO RS
-0.051-
01f
- [ Polarization scaling error

‘9-15:' ~30% i‘i notinclyded L
-0 1 2 3 4 5 6
| p; (GeV/c)

""\Y—-—-
PH>:ENIX
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0 ﬁrodUC'rﬁon___ anc‘i AG

7° can be used to determine AG with limited L & P

0_1 Y T T T I T 1§ LIS L I '
. A?I: _ ' ) . :
y " LL -
0.08 - GRSV max__
' 'L=7/pbi
005 | [p=os| :
8 | .: ' 1 )
0.04 - ]
' | GRSV -std |
0.02 |- o, _
/‘ GRSV -min -
0 horesoxcansens T T T T rean asant taesssrsvisseesnsunesssnsetensunse
AP TP U R SO S S
0 5 10 pT[GeV]' 15

Jager, Schafer, Stratmann, Vogelsang
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RBRC (and RIKEN) --- remarks

1.

Brendan Fox and Abhay Deshpande built a small experiment
to search for a method to measure the spin direction at
collision at Phenix for the 2002 spin run. This was crucial for
the establishment of longitudinal polarization in 2003.

. Event selection (triggering) in Phenix for pp is based on work

by Matthias Perdekamp, Kensuke Okada, and Wei Xie.
---from 100 kHz collision rate to 1 kHz data rate

. ©° cross section from pr = 1-13 GeV/c, over 8 orders of

magnitude, led by Sasha Bazilevsky, Brendan Fox, Yuji Goto.
Established that RHIC collisions, for py > 1.5 GeV/c are
described by collisions of gluons and quarks.

. First measurement of A, for x° in 2003. First measurement of

gluon polarization with strongly interacting probe at collider.
Led by Sasha Bazilevsky, Kiyoshi Tanida, Yoshi Fukao, Yuji
Goto, Brendan Fox, Abhay Deshpande.

Polarization measurements in AGS with new pC polarimeter
in 2003. Osamu Jinnouchi, Gerry Bunce. First measurement
on AGS acceleration ramp, demonstrating spin flip at each of
40 resonances (every 10 ms on ramp).

Polarization measurements in RHIC in 2003. Led by Osamu
Jinnouchi. Measurements to 2% in 20 s.

. New AGS helical snake built by RIKEN. Suggested Nov. 2002,

instalied Feb. 2004. Led by Masahiro Okamura and Jun
Takano. Early results: major improvement.

Polarized jet to measure absolute polarization in RHIC.
Detectors by RBRC (Hiromi Okada, Gerry Bunce) and BNL
RHIC Spin Group. First run in 2004,

. Online spin monitoring, heavy ion flow measurement, heavy

ion event plane from spectator neutrons—Masashi Kaneta
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RBRC (continued)

18. Construction of muon tracking chambers, completed for
both muon arms for 2003, led by Doug Fields.

11. Development of the proposal for the eleciron-RHIC collider
is being led by Abhay Deshpande.

Matthias Perdekamp was PHENIX Run Coordinator for 2003.
Matthias Perdekamp and Yasuyuki Akiba were named
Deputy Spokesmen for PHENIX Feb, 2004,

Members of REBRC (2003/4):

Matthias Grosse Perdekamp (University Fellow, lllinois)
Abhay Deshpande (University Fellow, Stony Brook)
Brendan Fox (Fellow, left Nov. 03)

Doug Fields (University Fellow, New Mexico)

Wei Xie (Feliow, staried Jan. 64)

Dave Kawall (Fellow, starts June 04)

‘Masashi Kaneta (Post Doc, started Nov. 02)
Kensuke Okada (Post Doc, started Aprit 03)
Osamu Jinnouchi (Post Doc, started April 03)

Graduates in 2003: Sasha Bazilevsky (to BNL), Abhay
Deshpande (to Stony Brook, shared RBRC/SB).

Students: Yoshi Fukao (Kyoto), Hiromi Okada (Kyoto), Manabu
Togawa (Kyoto), Takuma Horaguchi (Tokyo Inst. Tech.), Nobu
Kamihara (Tokyo Inst. Tech.), Kazuya Aoki (Kyoto)

Group Leader: Hideto En’yo (RIKEN)
Deputy: Gerry Bunce (BNL)
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BNL RHIC Spin Group --- remarks

Mission: develop and lead tﬁe spin program at RHIC

~The BNL RHIC Spin Group is modeled after and works in close
collaboration with RBRC, providing new ideas, leadership, and
new physics potential to the RHIC spin program.

Core group at Brookhaven for the spin program

--STAR: Les Bland, Akio Ogawa, Greg Rakness
—-built beam-beam counters and forward n’ detector
---large transverse asymmetries, major new"
result from RHIC spin
---provide leadership for STAR spin
-—-PHENIX: Sasha Bazilevsky, Gerry Bunce

--Polarimetry: Sandro Bravar (leads polarimetry, also on
STAR), Ron Gill

---pp2pp Experiment: Wiodek Guryn, Ron Gill

~ Future: expect to grow to 4 to 5 physicists for STAR, PHENIX;
PP2pp experiment data-taking completed in 2003. -
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BNL Theory Group

Werner Vogelsang (RBRC/BNL) is a world leader in spin theory
(perturbative QCD).

Stephan Kretzer (RA) is an expert in quark and gluon
fragmentation within pQCD.

Feng Yuan (RA) joins Sept. 2004 (spin expert).

Marco Stratmann is frequent visitor (pQCD expert).

Additional Remark:

The frequent workshops sponsored by RBRC have been cruciai
to develop new ideas, bring other experts into the RHIC spin

. community, and to coordinate work between accelerator, theory,
and experiment, and between experiments.
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RIKEN CC]J
COMPUTING CENTER IN JAPAN FOR SPIN
PHYSICS AT RHIC

Takashi Ichihara
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RIKEN CCJ : Overview

Scope
— Center for the analysis of RHIC Spin Physics
— Principal site of computing for PHENIX simulation-
— Regional Asia computing center
Size (initial estimation)
e Data amount: handing 225 TB /year
e Disk Storage : ~ 20 TB, Tape Libra'ry: ~500 TB
e CPU performance : 13 k SPECint95 |
Schedule :
s R&D for the CC-J started in April ‘98 at RBRC in BNL
e Construction began in April ‘99
e CCJ started operation in June 2000
- » cooperation with a new RIKEN Supercomputer (2004 »

\,



Plan and Current Status of RIKEN CCJ

1998 1999 2000 2001 2002 2003 2004 2005
i T -t t } t ! ] f t } t ! l 4 | : |
April April April April April April  Oct April
Py 0 RIKENwas reistablished as an |
RB RC R&D for CC-J S Independent Administrative
CC-J frontend at BNL Institution { Oct. 2003)

( BN L) Prototype of CPUfarms

Data Duplication facility
urssserver .. RIKENnew super

Phase 1
c RIKEN CcC-J Il.m_l Phase 2 - 3 updated ' computer
. scale NN Phase _
Wako constru tlog 2/3 scale P :
: HPSScache

CC-J Working Group Tape Robot I:Z::’:ve updated »
formed (Octy. 1998) == opération addition cooperation With new
CC-J review at BNL at 1/3 scale (R,:AK;N;OUS:; compute

(Dec. 1998) (June. 2000) v .

HPSS Software/ Hardware CC-J Operation

S

- Instaflation (March 1989) 5 e
(Supplementary Budget) _ M’PHEN I)im Exb
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~CCJ systemupgrade in JFY 2002-2003

Major Hardware Upgrade in JFY 2003

. Wide Area Network (WAN) bandwidth : 100Mbps -> 1 Gbps (Aug. 2003)
. Cooperation with the new Supercomputer (March 2004)

« New HPSS servers (IBM p-series 630, 5-node)

« New CPU farms (Intel Xeon 3GHz x 256 CPU = 768 GHz)
. Network switch upgraded, hpss cache disk updated

Major Hardware Upgrade in JFY 2002
 Disk(RAID) :25.2TB = 33.2TB
« HPSS Tape Library : 350(150)TB = 1200(600) TB
+ Replacement of the Tape Drive
Tape dive : 2400A (5 units) = 9940B (6 units)
02404 10 MB/s 50 GB/volume
9940B 30 MB/s 200 GB/volume

7\
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Overview of the new RIKEN Supercomputer

Five segments of PC-cluster system

SX-7/32 (Vector processor)
+ total 1024 node, 2048 CPU

« total performance: 12.4 TFLOPS . ii::rl:nance:2325 GFLOPS
 Memory:256 GB

e PC C|uste|- 1 (1 system) + Upto 256 GB Memory can be
. FEorlaroe seale o i computing used for one process

. 512 node 1024 CPU o _ _

« CPU:Intel Pentium Xeon 3GHz  * Hard Disk Drive(Raid) unit

« Memory:4GB/node  User Area:20TB

+ HDD:100GB/node

Storage system (HPSS)

« PC Clusterz (4 systems) . 200TB

f.... i w«‘rﬁ 5
GF fNiSs:

+ 128 node 256 CPU (for each system)
 CPU:Intel Pentium Xeon 3GHz
 Memory:2GB/node | L

+ HDD:100GB/node - | / \

Test operation started in March 2004




New Supercomputer

System at RIKEN
”‘ ~~~~~~ T —“—”“-.‘"«”"\\N\
A
wiocNetwork . T

-
......
.....

Firewall
NetScreen—5200

User authentication server
Cisco Secure ACS2000
(RADIUS Server)

#GeT

Visualization PCx 4 —I

Ethernet
Fibre Channel

PC cluster 1 -

]
Total performance: 6.2TFLOPS \

Total memory:2TB
BCalc Node

PRIMERGY L250 (tentative name) X 512nodes: 1024CPU
M Control node

PRIMERGY L250 (tentative name) X 1 node
MInterconnect :

InfiniBand (8Gbps, Full Bi-directional)

PC cluster 2

GigabitEthernet

Total performance: 6.2TFLOPS
Total memory:1TB
[PC cluster 2-1]
M Calc node
PRIMERGY L250 (tentative name) X 384nodes: 768CPU
M Control node
PRIMERGY L250 (tettative name) X 3node
MInterconnect : Myrinet
[PC cluster 2-2]
M Calc node
Express5800/420Ma(tetative name) X 128nodes: 256CPU
W Control node
Express5800/140Rc~4(tentative nods) X 1node
MInterconnect : InfiniBand

HDD system

( [Disk]

Network

= Storage Area
" Network

Archive system

[Tape drive, media)
STK T9940B x5
Tape: 1000(Total 200TB)
[HSM system]
HPSS
[Workstation}
IBM pSeriesf 10 model 803
[Mets data server]
IBM pSeriast3t model 6C4
- [Mover]
\ IBM pSeries630 model 664 X §

Frontend server

[login server)
Sun Fire V480 % 2
(4CPU/32GB x 2)

[compile server) S
PRIMERGY 1250 (tentative name) X2
Sun Fire V210X 2 :

[ioad balancer}

\ IPCOM 150x 2

iStorage $2300 % 2

total: 20TB (for user home)
[file server]

TX7/i6010% 2

[1/0 node] g

Express5800/140Rc-4(tentative name) X 8

Large memory system

SX-7/32

(32CPU,256GB shared memory)
Performance:282.5GFLOPS
Total memary:256GB -




CCJ growing history "
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Cooperation with new
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Current configuration of CCJ

CPUFarms (332 CPU

total 374 GHz \

_“; Pentium Ht £}
g | Pentium !
mp P i Reghat &
H ) F Linasr
Pentium 1l
§ | Pentium 1 ke
] ]
5 ——
R ]
i ]

i
LI 100BaseT fn

Gigabit Switch
Catalyst 29486

SUNFires80
Datn Server 4328

120 TB
FCRAID

SINESD
Dieba Server - 100

m%

SN E450
Deta Server 100

SN 456
Data Server 190

SINEIS0
Deta Server 1ooe

AN E50
Deta Server 100
Gigabit |
Switch

Private | attaciusiss coTRvs] [ Arsoi
address | torkol W8 OB server | AFS server

Info. Bidg. 1F

1200(600) TB

6 x 99408
drives

6.0 TB
FCRAID

6.0 TB
FCRAID

57 1B
FCRAID

32 1B

LVD RAID

288 GB

* LVD RAID

2F .

332 TB
RAID

Main Bldg.  ,°

4

.~ (New supercomputer )

Fire
wall

Tape Mover
Disk Mover

Disk Mover

878 Rald

ACSLS

HPSS Server

rap  HPSSCacke 1 1AM pseres
‘ 630 (AIX 5.1)
HPSS

m
|| Gigab

ot Gigabit
Sigabit Switch

10

Switc

BaseSX

00

)

]
]
L
L]
¥
*

Xeon 3GHz, 256 CP
total 768 GHz
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Components of RIKEN CCJ (1)

327TB 57TB 12TB 127TB

Cpu farms 328 CPU(@0.7-2GHz) 374 GHz Raid Rai Raid

EEELER R

IEEEEEEEE]

RIKEN common  CCJ HPSS Server ~ HPSS cache disk
Tape silo (Storage Tek Powder Horn)

e
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CCJ allocated part of new RIKEN Supercomputer:

Components of RIKEN CCJ (2)

cooperation with the new RIKEN Supercomputer

K CLEVRTEN aa ;

128 nodes 256 CPU (Intel Xeon 3 GHz)

P
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Proposal and Research Plan at CCJ

Official Production/Simulation

| submitted || title ' [ contact | status | rasource I webpage
" 200007THT || Gamma acceptance of EMCal [ T. Sakaguchi | finished | {
20000801 100K run00a N. Hayashi finished{pisa) fccjiwmp0? “_’g ;;g‘*c
20000913 100K run0ob N. Havashi finished{pisaSTY|  Jecjwimp0? Ji“—————f’,d,*‘ “‘;""C
200011110 100K rundfe N. Havashi fnished(pisa/DSTY| - feciwAmpo1 B
2001/05/10 Muon MDC T.Thomas/H.D.Sato || finished [ kcgg”g’gg’g)“ﬁ
...... . - '
20020311 || LestProduction forbelle bonte Carlo M. G. Perdekamp finished feojwidatals
Siudy of the conversion and Albedo stuffs|] M. Toril/A. Bazilevsky
200301/ in the pp->ni0 Analysis {for Spin/Photon PWG) finished
' . Kobayashi in progress
200300503 Run2pp DST production s Rk (targat030615) |5TB(0AIA24,25,28,20..)
20030503 |  Rundpp fitered data fast analysls T. Horaguchi finlshed || 4TB{data21,22,23,26)
20030703 | 050D dmag;e,.g“;;g*g ,gggg;mmﬂm + Y. Goto inprogress || 4TB(data27,30, 23,25)
PhGi data analysis for the pi0 asymmelry Y, Goto/D,
2003008/25 fast analysis Zaudtke/S Bathe in progress -
2003/08/25 Run2-pp pid A_N analysis Y. GotoiH. ToriiC. A inprogress || 100GB(/cclwidatatd)
Research Plan
l}D submitted title contact status ‘resource exgg;?;mn
[ 1 |[2000/1144 || TestDST produciion for EMCal T Maisumoto || finished || /ccjwAmpO2(100GE) || 200103/31 |
RN - . =
E b 7 ; = -
2 || 20010103 | Esiimation gl phaton conversion In T. Hachiya finished feCjwAMPOS(100GB) || 2001/03/31
"""""" i IficroDET production using recent : : finished !

; 3 || 20010209 TOF parameiers A. Kiyomichi {2001/03/05) foc)witmp04({100GB) 2001!03!31
a || 2001326 || DSTproduction for EKCal timing H. Tori finished fecifu/data0B(100GB) || 2001/04/30
5 || 200108/23 || Muon tracker geometry calibration H, Robayashif finished fcfwidata04{100GB) || 2001/09/30
6 || 20014146 ||  Pizero Analysis Using EMCal K. Oyama finished feC)wAMPO2(100GB) || 2001/11/30
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Trigaer study for PHENIX run-2

in progress

2001711721 dler Eh K. Homma feciwidata07{300GB) || 2001/12005
200141721 || fasttum around analyss for spin Y. Goto g | o o ) || 200200131
Single patticle MC production for fecifuidatald
200112722 un-1 Lambda and Anti-Lambda M. Ohnishi finished 500GB) 2002/01/31
analysis
20020109 || Quick analysis of pp muon events M. Sato finished ’CCJ""{}??;;"%\L‘(’,Q!§§3TB) 2002/03/31
Search for non-hadronic sources of finished ociiwidatal17{400GB)
20020119 photan at RHIC T. Sakaguchi {for uDSTprduction) 200207131
200201/11 | simulation for electron analysis K. Katou finished fecjiwidatal 7{50GB) 200201731
Acceptance Calculation of Pair finished
200201417 || Acceptance aeitation of Pal M. Tamal 200202/15
200201/18 phaton polarimeter analysis Y. Goto in progress fec)iwidata04(200GB) 2002001731 |
2002/01/29 Rung TOF calibration H. Masui In progress fecjiwidata01(600GB) 2002/03/31
200202720 ||simulation for RICH/electron analysis K. Katou finished fcojiw/datal2(500GB) || 200207/31
2002/02/27 || simulation for silicon vertex detector K. Tanida in progress fecjfw/data04{50GB) 2002/09/31
200203/0g |(Simulation for Correction of Identified A. Kiyomichi in progress fecifufdatal2i400GB) || 200207/31
2002/04701 || Monte-Carlo Ef?;?gé?;ion for Pizera K. Oyama finished . 2002/04/30
2002/0605 || EMCal calibration for QMZ002 H. Toril finished fccliwidatal4{100GB) || 2002/07/31
200208/21 || Alignment study using Gosmic Ray N. Kamihara finished fecifwidatal1(400GB) || 2002/09/30
2002;8/28 || EMcalcalibration for for publication M. Torii iNProgress || jecifwiata14(100GE) || 2002/10/31
2002m8/29 || R3ZHL poduction and analysls || g yoigaichiRMute || MSN80  |eoisuidatat 1,datat 7(1000GB)| 200209730
Single muon Run2 : finished
2002/11/01 e o Nz L H. Kobayashi . 2002/11/15
20021207 || Analisisfor slicon sirip defector in J. Tojo inprogress | rejwivata07(10068) || 2003/03/31
searching for Non-hadronic sources
2002/12/25 | SlBolons inaspu Collisions af T. Sakaguchi nPOGIESS || jecwidatal7{500GB) || 200206430
RHIC-PHENIX
2003/01/08 E325 DST production R. Muto finished \ secimmrdatal1,17{1000GB) || 200301731
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200340214

identified Madron Spectra and Yields

at 204 GeV AuAu Collisions from the
PHENR experiment at BHIC

T. Chujo

finished

‘ccjfeidatal 1{400GB)

2003/02722

20030305

Reproduction of SpinLumi ropt iles
for analysis of BBC single spin

asymmetry with ZDC coingidence

K. Tanida

in progress

focjwidatat0{1000 GB)

2003/0331

20030314

Pico DST production for pid
anisotropy anal%sls rom micro DST

of 200 GeV AutAu data

M. Kaneta

finished

fecjfeidata02{800 GB)

2003404115

33

20030717

Single particle MC simulation Tor
hadron spectraliung po)

§. Kaminaga

finished

fclwidatat 1(900 GB)

20030924

200307131

2ngd scan of pif anisotropy analysis

. Kaneta

finishad

(ccimddata02)

2003/408/i0

2003408126

Monte-Gatlo event generation forthe

study of dimuion production at
CERN-SPS

H. Qhnishi

in progress

900GRB{/cciiwidatals)

2003/110/30

2003/08/29

gvenis production

Rungdi 750 MUIDSTD tiggered |

K. Aoki

finished

{fecjwAmp03)

20038/10

20030917

Diract photon mesurement in
HHIC-PHENE

T. Horaguchi

in progress

200GB/ccliwidatal?)

2003/12/31

200310/27

Simulation study for the Aerogsl
Cherankov Counier

S. Takagi

finished

500GB(/ccjwidatalt)

200472114

20031202

Simulation Study for Muon Trigger
Upgrade

K. Aoki

in progress

300GB(/ccj/widatalo)

200473131

2003712109

E328 simulation for Q2004

b, Naruki

in progress

160GB{/cc)/widatal2)

200474130

20031209

Single muon A_LL analysis using
Run-3 data

H, Sato

in progress

100GB(fccjiw/data2d)

2004441

200302/24

3rd scan of nid anisotropy analysis

M. Kanetla

in progress

{fecifwidata2é datals, 1.3T8)

200308101

20030228

Anti-Pentaquark gearch from

EPHENIX run2 Aut+du data

i, Kaneta

in progress

-

2003/03720

cokproposalsindex.him!

32 research plans were finished and 20 research plans are now in progress
*» Details can be found at the URL of

http:;’fcc;sun.rtken,g‘e*}pfcc;/pmpas'ms!inde’x‘htm!
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CCJ Operation

Operation, maintenance and development of CC-J are carried out
under the charge of the CCJ Planning and Coordinate Office (PCO).

CCJ Director (Chief Scientist of the Radiation Lab.)
H. En’yo

Planning and Coordination Office

manager ' T. Ichihara (RIKEN and RBRC)
technical manager Y. Watanabe (RIKEN and RBRC)
scientific programming coordinator
H. En'yo (RIKEN and RBRC, PHENIX-EC)
H. Hamagaki (CNS-U-Tokyo, PHENIX-EC)
PHENIX Liaison Y. Goto (RIKEN and RBRC)
computer scientists S. Yokkaichi (RIKEN and RBRC)

A. Kiyomichi (RIKEN and RBRC)
O. Jinnouchi (RIKEN and RBRC)

Technical Management Office |
Manager, Data duplication Y. Watanabe (RIKEN and RBRC)
Tape duplication coordinator O. Jinnouchi  (RIKEN and RBRC)




RIKEN’S CURRENT STATUS AND FUTURE
PLANS: OUTLINE OF RIKEN

Hiromichi Kamitsubo
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History of RIKEN- From Foundation to Independent Administrative Institution

S | .Sinc’e”
ince 1948
1917 | |
. Stock Company §
Foundation RIKEN |
| RIKEN |
/ | \_
RIKEN CONZERN

Conglomerate, RIKEN GROUP

Consisted of over
60affliated companies.

dAdministrative

Since
2003
Independent

Institution
RIKEN
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Independent Administrative Institute

1.President has more autonomy than before

2 .Midterm (five years) objectives and
midterm plans

3. Annual review of accomplishment and final

review at the end of mldterm by the
government

4. Fixed amount of subsidy for management
and research activities | -




4
RIKEN

Wako Main Campus
Wako Institute

Photodynamics
Research Center e
(Sendai) Eapioiamino

89T

S

Harima Institute f

Yokohama B
Institute

Biomimetie Control
Research Center
{Nagoya)
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Budget (2003JFY)

Others Personnel and

PSC 1,640

Life Science
1,210

Administrative ] ) >
11,506 ategic Resdmrch -
- 8296
o

DRI:
10,811 million yen
(12.2%)

Promoting Utilization .
3,303

Basic Science, 4,335
(iriclude BNL&RAL)

\~-~Accelerator Science, 2,774
~—RIBF Construction, 3,702

\n__ SPring-8 Operation
4,350

Harima Insitute 2,205
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@ Budget (2004JFY)

RIEEN

Pérsonnel and

DRI :
9,877 million yen
(11.8%)

Promoting Utilization
3,032

Basic Science 4,018
(include BNL & RAL)

' Administrative /- Strategic
SRC 2,119 11,261 . Research
. Others 8,399 ) 8,424
RCAI 3,864 i /" Total - ,
v — 83,962 -
million yen

-\ __ Accelerator Science

CDB 5214

BST 9728 . . )

PSC 1,595

2,692

RIBF Construction
3,167

‘ SPring8 Operation 4,226

Harima Institute 2,587

Life Science 2,547




RIMEN
Qthers 54 “ Head Quarters

Research Promotion
Division 294

PSC 178

\ Discovery
Research Institute
1,477 '

TLT

éSC 709 Total 5,338

e 4

Harima Institute™s
486 '

Tsukuba Institute 210
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Permanent |,

 Contract

| Frontier Researchers - .

Brain Science. tnst;tute &esearahers f, '

mmm“mwmmm mmmww*vﬁ-mu—m

W DD I SO g e R AT e st o ok

535

| Gefomic Science Center ‘Researchers - ‘ 214
,;;'Piant Science Center Researchers 3J517, o i 100

| Center for Developmental Biology Ressarshers 243
SNP Research Cente{ Researchers 1 ¢a ‘ R

| Bio Resource Center Researchers T _ 17.
Rasearsh Senter for éllergy and immaaaiagy Researchers"w 353

1480

| Tenure Researchars ( Tentatlve nameé - 9
Initiative Résearch Unit N ) 24

- | Special Postdoctoral Researchers . L 192
~ | dunior Research Associates . B 5 139
}ﬁwiﬁﬁﬁfa%ﬁﬁﬁﬁw RIS N at
L ~ . Total ST T 735.
V/s/tmg Sa/ent/sts 1,789

Student Trainees 1,083
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RIBF Schedule

et e s e o N s 2 e 1 e e < <y e e

FY: ) . ' ' ¥ ' 1 ; . i -
1934 1995 1996 1997 ©1908 1989 2000 2001 2002 2003 |2004 |2005 2008 - 2007 . 2008 . 2005

g et e g o s g e rmes oo 1 g 1 k& et ey

1984 1995 1996 1997 1698 1989 12000 2001 2002 2003 (2004 | 2005 2006 2007 2008 L0 200

[ 4 tact Advizor 1AC) . ® d ®3ed

R&D — — — >
R

SRC, IRC ’>

Bi ‘RIPS, {RC, Bears T art > .
1} s I SRR # First| beam
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Slow Polarized RI beam
(IRC return beam+RIPS

+Gas Catcher-**Stem Geﬂach)

135 MeV/nucleon
for light nuclei

350 MeV/nucleon
upto U
1st beam in 20{)6

Proton Scattering
2 {Accumulater+Cooler)
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In 2004

Wako Institute

— Discovery Research Institute
—{ 44 Laboratories |
—| Research Units |

= Cyclotron Center |

—f Accelerator-based Research Group]

—{ RI Beam Factory Project Group 1 _

' ’_ﬁdvanced Development and Supperting Centor J

L_T Japan Collection of Microorganisms J

[ —

In 2006 _

| Wako In“stitute

—

Discovery Research Institute |

i e A

'+ 44 Laboratories
— Research Units |
[ RIBF Center |
Accelerator Group [
Research Group |

Advanced Develo|

d Supporting Centor

ORI

11
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Status of SPring-S

12

Tn 2004

1

Harima Institute

9 Laboratories & 1 Division

— SR Research Network

— High-throughput Factory

SPring-8
(JAERI/RIKEN/JASRI)

In

2005

Harima Institute

9 Laboratories & 1 Division

SR Research Network

High-throughput Factory

SPring-8
( RIKEN / JASRI)
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Eight features of RIKEN |

13

- (l.Comprehensive research institute of natural sciences with outstanding tradition>

@ Broad research activities from basic science to applications

6. Flexible organization to accommodate wide variety of researches.

@. Cooperation with industries and promotion of technology transfers

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

6. Widely open research system

<7 . High international reputation and strong international collaborations

6. Multistage review and advisory system from research to administration

AN ANPAANAW AN
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RIKEN
Advisory
C ouil

President
The Board of

| Executive Directors

+ | REKEN BDiscovery Research Tnstiulc
Director, DRI

RIKEN Frontier Research System
Director, FRS

RIKEN Brain Science Institute

| . Director, BSI

s

| RIKEN Genomic Sciences Center

RIKEN BioResouice Center
Director, BRC

Director, GSC

Director, PSC

RIKEN S_NP Research Center
Director, SNP

RIKEN Research Center for

Allergy and Immunology

| Director, RCAI

RIKEN Center for Developmental Biology
1 Director, CDB

Review

{ foo

Report Adyvice

f Respanse]

~

g

14
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15

RIKEN President Noyori’s Inltlatlve

1. Forging a RIKEN with presence

2. Securmg a place for RIKEN in science and technolo gy
hlstory

3. Enhancing RIKEN’s creative environment

4. Ensuring that RIKEN makes meaningful contribution

to the betterment of humankind

5. Building a RIKEN that will seek out and transmit
knowledge of value to the humanities and social
science |
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f - Tsukuba Life Science Center 1984 S

Tsukuba Life Science Center
(Bio Resource Center)

‘&* ——h Frontier Research System  >1986

- .

| Yokohama
- Institute

Brain Science InstiD o
B 1997
<:aamna InsﬁtutD

@mm Science Center 199 8
QP Research CenD
< 2000 < @nﬁ Science CentD 2000

14 @m’ Allergy m@ 2001

@ Developmental Biology 2000

2002 Kobe Instltute

2002
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Office of the
Premdent :

Head Quarter RIKEN Wako Main Campus "

Planning of Budget and Program / Personnel Management / Financial Management /
Organizational Management /  External affairs / Procurement / Public Relations /

Intellectual Property Management / Research Collaboration Management / Facility Management

— RIKEN Wako Institute
RIKEN Discovery Research Institute/ RIKEN Brain Scienice Institute/ RIKEN Frontier Research System/
Integrated Volume-CAD System Research Program/ Nanoscience Research Program/ Initiative Research Unit/

Sponsored Laboratories/ DRI*FRS Promotion Division/ Brain Science Promotion Division

RIKEN Tsukuba Institute

RIKEN Bio Resource Center/ Bio Resource Collaborative Groups/ Tsukuba Research Promotion Division/

Tsukuba Safety Center

— RIKEN Yokohama Instztute

RIKEN Genomu: Scnences Center/ RIKEN Plant Sclence Centerl RIKEN SNP Research Center/

RIKEN Research Center for Allergy and Immunologyl Yokohama Research Promutmn Dmsmnl
Yokohama Safety Center ‘

— RIKEN Kobe Institute

Center for Developmental Bioiogy/ Kobe Resesirch Promotion Division/ Kobe Séxfety _Di\.lision
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BNL: Current Status and Future Plans

<81

RIKEN BNL Collaboration
10" Management Steering Committee Meeting

Wako-shi, Saitama, Japan
March 25, 2004

Satoshi Ozaki
Brookhaven National Laboratory

BNL Plans

RHIC Operation
RHIC Up-grade: RHIC 1l & e-RHIC (Physics by Sam Aronson)

RSVP at the AGS (NSF)
Long Baseline v Program with the AGS as the Proton Driver
Large Synoptic Survey Telescope (LSST) Project (Sam Aronson)

Brookhaven Science Associates Bl%llﬂl(liﬂﬁEN _
NATIONAL LA RAT
U.S. Department of Energy 10p BORATORY

UoSHOIy'S/MezO'S (€)




- RHIC Operations and Plans

98T

AT W TRy B

-Au (200 GeV/A)

ek, e ot a

« Run1:  FY 2000 28 wks total Au

 Run2: FY 2001-02 40 wks total Au-Au (200 GeV/A) pT-pT (100 GeV)

* Run 3: FY 2003 29 wks total d-Au (200 GeV/A) pT-pT (100 GeV) ~30%
Pol.

* Run4: FY 2004 27 wks total Au-Au (200 GeV/A) S5wksforpT-pT (100 GeV)

* Runb FY 2005 Extensive runonp T -p T with higher polarization.

Near term improvements in progress
« Room temperature and superconducting helical snakes in AGS for higher polarization __,

* BRIsKkRNEMSEb iR dfategource for flexibility of ion operation (He3 T ?) Bﬂﬂﬂkﬁﬁﬁn
u.s. Department of Energy : NATIONAL LABORATORY
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Luminosity (ub)

RHIC Delivered Au-Au Luminosity
Run-1 (FY00), Run-2 (FY01-02), and Run-4 (FY04)

1400

1200 S P s een e e P Vedwaveiaran Cewerew

—=STAR )
1000 - ----- o= BRAHMS 7 nrean e e Run-4

«~~PHOBOS ‘
800 P N v e femaae e e amaaae e .,, ,,,,,,,, R R ,unurtm‘

A
g
-
00+ - e e e DS
6 X
4
. &N

Physics " e
begins

200 +--- Run-1 - Run-2 (FY01-02)
(FY00) e

0 2 4 0 2‘4 6 8 10 12 14 owwz 4 6 8 10 12
Weeks into the run (to 03/22/04)

Brookhaven Science Associates Bnnnxﬂhﬁgu
U.S. Department of Energy NATIONAL LABORATORY




RHIC Layout for SPIN Physics

RIKEN-BNL Collaboration in Spin Physics: 4 Siberian Snakes &

8 Spin Rotators are in place
RHIC pC Polarimeters
’:‘/ .. . _ BRAHMS & PP2PP

Absolute Polarimeter (H jef) ~

1@

PHQBOS """

88T

Spin Rotators (R R ¢ B

Partial Siberian Snake¥, 7

Pol. H™ Sowce Strong AGS Snake
4 g, LINAC 4

BODSTER

Two Partial Siberian Snakes (1-S/C & 1-RT) for the AGS
— improvement of the AGS proton polarization to ~70%

Brookhaven Science Associates ‘ BB(IIII(IiMEN
U.S. Department of Energy NATIONAL LABORATORY
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Polarization Survival in RHIC (store # 3713)

g 30 x
& o
SRR | I s e J
g 20 :
;E 10! ” i;;
0l \.
o BLCETLctalZT6 (Y1) b yelMCTeotalTTA3e7 (YD) v BlusDipoleCurrent7i3i8 (¥2)
Acceleration and e Ta _ )
g Spin rotator ramp
squeeze ramp 2 a0l | 5 : : )
Some losses during the 5 g
: 2 :
acceleration & squeeze 32
ramp (tune toocloseto %
% ) ) &s ‘ YelPula_rNBx?f (Vi)“ | Yelklmﬂ:f 2y
g g
. g
No loss during spin g L . . . ' ‘ .
. =} :
rotator ramp and during ‘g 2
store :
23:00

Brookhaven Science Associates
U.S. Department of Energy

22

00:00 01:00 02:00 03:00 04:00 05:00 06:00

® BlPolar3?13:0 (Y1) BluPolarli3713:1 (¥2)

NATIONAL LABORATORY



- Proton Polarization at the AGS

m

o6T

Ramp measurement with new AGS p-C
CNI polarimeter:

Full spin flip at all imperfection and strong
intrinsic resonances using partial Siberian
shake and rf dipole

PAEUL]

65

sy
o]

B0 -

2

raw asymmetry

i
2
=3
=

Brookhaven Science Associates
U.S. Department of Energy

| Vertical Polarization |

- Target: 70%

S0 ~

§
]
70

Simulation and - 30

measurement at 25 GeV X
_-7')
L 40
e L. 5
2000 ?
- 3¢

3

24-\3‘ 1‘2+v}, 3y ".A-wy aswy poTRY - 20
A
" Py 1 PR | PR P e I L 0

15 2% 3 310 315 4 45 5

Remaining polarization loss from
coupling and weak intrinsic resonances

New RT helical partial snake (RIKEN)

Strong SC AGS helical Siberian snake
(RIKEN/BNL: Installation: 10/04)

NATIONAL LABORATORY



" The Room Temperature Snake in the AGS Ring

« Commissioning of the new
warm helical snake started
March 5 with proton beam.

« Magnet has been run in
the ring at 2700A.

This Year:
Weak coupling resonances.
—> run the snake hard

Faster Bdot '
—faster resonance crossing

TetT

No scraping in the Booster
— higher intensity

New CNI polarimeter
—Faster Measurement

meep ~44%  at first try

e

M. Okamura and his Room Temp. AGS Snake ..
Brookhaven Science Associates BROOKHEUEN
NATIONAL LABORATORY

U.S. Department of Energy A :




New AGS Helical Snakes

ity

5 % helical s:nak; bulldat Tokana Industries
funded by RIKEN. Installation: February. 2004.

« Warm snake deals with coupling Y~ el
resonances and avoids polarization g ;
mismatch at AGS injection and
extraction.

+ Cold strong snake eliminates all
depolarizing resonances in AGS.

6T

30% SC helical snake build at SMD (RIKEN/AIP)
Installation: Oct. 2004

Brookhaven Science Associates i e ;. Voo 4}
U.S. Department of Energy NATIONAL LABORATORY



RHIC Luminosity

500 P

2 Design LuminOsitI
L= 3oV NolV™ _ g 16 1x10%cm?s™ over10h 100 gn -um y

1.004-27

£
2 & : e |ntegrated luminosity
v |nstantaneous luminosity
—— Average luminosity

N, =56; N =1x10°;& =15 to 40mpum; 8~ =2m

Deuteron and gold beams behaved
differently because of Intra-beam
scattering effect

5.0e+26

[s z_wo] 1 ‘Ausoutwnt

Integrated Luminosity [ubam"]
[42]
(=]

¢61

Emittance growth by strong coulomb _
interactions high charge ions in a bunch 0.0 F

L — — 0.0e+00
5.0 : 10.0
Time after tast dump [hours]

> | ©dtotallbunched intensity [x10"] L b
- 80 - = Au total/bunched intensity [x10 ‘
S 60 [ § ! ]
=40 | -
8 20 |
S ]
= 0 I ——e . — N -
07:30:00 10:30:00 13:30:00 16:30:00 19:30:00

Brookhaven Science Associates BROOKHEVEN
U.S. Department of Energy NATIONAL LABORATORY




RHIC II Luminosity Upgrade Strategy

61

» Eliminate beam blow-up from intra-beam scattering using electron beam
cooling at full energy! — Significant technical challenge

* What will remain the same in the RHIC operation:
— 120 bunch pattern |
+ 100 ns collision spacing (— same data acquisition system)
* Only one beam collision between DX magnets
— 20 m magnet-free space for detectors
* No “mini-beta” quadrupoles
— Approx. the same bunch intensity
~+ No new vacuum or instability issues
¢ Background similar as before upgrade
« What changes:
- Smaller transverse and longitudinal emittance
« Smaller vertex region ‘
— Variable B-squeeze during store to level the luminosity

— Store length limited to ~5 hours by “burn-off” due to Au-Au interactions
(c ~200 b)

Brookhaven Science Associates BROOKHEVEN
U.S. Department of Energy NATIONAL LABORATORY
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Electron Cooling for RHIC 11

For 100 GeV/u Au beam cooling: need electron beam
E=54 MeV |AVERAGE ~ 100 mA or~5MW — ngh Power ERL

Average gain in | L by a factor of 10
‘o, e
%‘ o
s b,

S e

10
£ 8
Q
S 6
v \ With e-cooling
= 4 Without e-cooling
@ /
(@]
£
£ 2
3
-l
0 T * T r r v
0 12 3 4 5 Stochastic cooling for the hot part of the bunches
Time, hours
Brookhaven Science Associates BBI](II(IIAIIEN

U.S. Department Of Enel'gy NATIONAL LABORATORY



e-RHIC Program

Scientific Frontiers Open to e-RHIC (Sam) 5-10 GeV Sta:igg_t_ljng _Recirculating e Linac
Further studies of nucleon/nuclear structure:
* Quark and gluon distributions in nuclei
» Hadronization in nucleons and nuclei
* Partonic matter under exireme conditions .
* New phenomena: Color Glass Condensate
- Extend QCD physics of RHIC Spin
to further sophistication!

96

e-RHIC Collider Parameters

*  Epeam: 5-10 GeV electrons (polarized)
25-250 GeV protons (polarized)
100 GeV/u Au

* Luminosity: up to1033 cm=2s! for e-p

* Polarization: ~70% electrons and protons: longitudinal at IP point

« Bunch separation ? 35 nsec

Brookhaven Science Associates BROOKHEVEN
U.S. Department Of Energy NATIONAL LABORATORY
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Alternative eRHIC with DRL-ring Design

- eptionzt

Booster

Brookhaven Science Associates ' BROOKHEUEN
NATI O}NvA I. LABORATORY

U.S. Department of Energy
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Rare Symmetry Violating Processes (RSVP)
m

Experiment utilizing the high intensity capability of the AGS:
Support Shifting from DOE to NSF

KOPIO: K® —» tlvv-bar
Further study of CP-violation

MECO Experiment
L —> e conversion

Construction fund in
FY2005 Presidential
Budget

Brookhaven Science Associates = o , BRO(II(II/H' |PIEN
U.S. Department of Energy | NATIONAL LABORATORY



v Beam Concept for Very Long Baseline Experiment

1.ouT

BNL to Lead, SD (Homestake): 2540 km
—————= I~ BNL to Carlsbad, NM (WIPP) : 2880 km

PROTON BEAM
TRANSPORT (28 GEV)

Y

U-LINE
= * 1MW He gas-cooled
Carbon-carbon target o poner SurrLy

BUILDING

 Target on down-hill slope for
long baseline experiment
» New horn design
POWER SUPFLY
« Beam dump well above BUILDING
ground water table to avoid
water activation

TARGET BUILDING

PioN DECAY PIPE

BEAM STOP
NeEAR DETECTOR

Brookhaven Science Associates BBDOKﬁﬁﬁEN
U.S. Department of Energy NATIONAL LABORATORY




AGS UE—Grade to 1 MW Proton Driver gConceEtuathlang

002

ke fteasily Svarce

pliss RFQ

Fi6 MoV iR Tabe Linee

£6irat suetions of 300 MoV Linag

) Mok
Superenndueting Litacs
Rix) Mol

1.2 eV

1.2 GeV superconducting Linac

Beam energy rf gradient Length

BOONTER

To B

AGH
B2 iV — 24 eV
8w cyele fme (1.5 Tz}

FhARAS

L% E37 BI5s

L% B

Tar Earpet Stution

3-4 Folds Magnet & rf Power Upgrade

0.12-0.4 GeV 3.8 MeVim  75m Cycle time (0.5 - 2.5 Hz) 400 ms
04-0.8Gev 6.1MeVim 65m Beam energy 24 GeV
9.8 - 1.2 G@V ?.Q E\ﬁ@\ﬁfﬂ - §? I Av@rag@ Cug‘ﬁn@ﬂt 42 ET”EA (1)(1014)

Number of micro-bunches 6

Micro bunch spacing 20 ms
Extendable to 4 MW Operation Bunch length (rms) 3 ns
With Additional RF Power Peak bunch current 400 A

Thomas. Roser Study II meeting - .
Brookhaven Science Associates BROOKHEATEN

NATIONAL LABORATORY

U.S. Department of Energy



“Connecting Quarks with the Cosmos™*
(BNL HENP Vision for Future Facilities Development )

c What is Dar

k Matter? — ATLAS Experiment & Upgrade

e What is the nature of the Dark Energy? — LSST Collaboration ] 0\@6?\.60\5
. )
3. How did the Universe Begin? | \"Qgedq‘\\(\ed
N
4. Did Einstein have the Last Word on Gravity? ?\)‘\M

What are the masses of the neutrinos and how have they shaped the Evolution
of the Universe? — MINOS; VLB Neutrino Experiment & Super Beam

10z

6. How do Cosmic Accelerators work and what are they accelerating? -
e Are Protons Unstable? — UNO Experiment Collaboration

e What are the New States of Matter at exceedingly High Density and
Temperature? — RHIC, RHICII & eRHIC Collider and Experiments; QCDOC

Are there additional Space-Time Dimensions? — ATLAS Experiment & Upgrade

10. How were the elements from Iron to Uranium made?

@ Is a new theory of Matter and Light needed at Highest Energies? RSVP

* “Connecting Quarks with the Cosmos”, National Research Council of the National Academies, 2003

Brookhaven Science Associates T. Kirk BROOKHEUVEN ;

February 26, 2004 NATIONAL LABORATORYy
U.S. Department of Energy BROOKHAVEN SCIENCE ASSOCIATES




BNL HENP Facility Initiatives

QCDOC Construction - ﬂM Equipment
DOE 3 Operations
RSVP R&D
NSF Construction § $147M TEC*
. 1 __Data Taking |
ry{y | pEp :

Dldgfls-l EPl T R&D'"T_’ _____________ i1 Constr.4~$150MTEC |
. RHIC I | e 1 ?ﬁé'rb’t’:b‘h‘s“""""""""
S DOE-NP ! |___i Constr. - $158M TEC* |

§ Operations
N — T — - >
eutrino S| {. ] ) INRR— b S , Lo x
DOE-HEP SRRSO SRV {L---ggq.s_!’.'f--‘§f4_9.3_MI.E_._C.____,'
"""""""""" Operations~
eRHIC R&D ]
DOE-NP | ggps:r, - $529M TEC*
I I I | | | I I ' | | I
2002 2006 2010 2014 2018
U.S. Fiscal Year
E§tlmates Ln FY 2004 Dollars Available for AGS HEP L
o), Cffice of TR BROOKHFATEN

U.S. DEPARYMENT OF ENERGY

} Science

March 19, 2004

NATIONAL LABORATORY



Summary

« The new Laboratory Director, Dr. P. Chaudhari, took office on Apr. 1, 03.
« RHIC is running very well and producing good data and physics results.

~+ The up-grade of RHIC, RHIC I, is in the planning and preparatory stage.
It is on the DOE 20-year-plan list.

« The e-RHIC collaboration is making good progress. ZDR is available.
This project is also on the DOE 20-year-plan list.

« The US NSF is about to begin funding for the RSVP program (KOPIO
and MEKO) and incremental cost to run AGS.

A very long baseline v experiment, using the up-graded AGS (1 MW) as
the source of the super v-beam, is in the planning stage. This type of
facility is also on the DOE 20-year-plan list.

« LSST is an exciting future direction for the HEP at BNL.

« QCD-OC (DOE supported) will enhance the RBRC'’s efforts in the
forefront of the Lattice Gauge work and other computational science.

£0¢

Brookhaven Science Associates ~ BROOKHEAEN
NATIONA LA AT Y
U.S. Department of Energy NAL LABORATOR




BNL: CURRENT STATUS AND FUTURE

PLANS

Samuel Aronson

205
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BNL: Current Status and Future Plans

RBRC 10th Management Steering Committee Meeting
March 25, 2004 |
S. Aronson
BNL

& RHIC II and eRHIC: Research goals & detector upgrades
s LSST: New initiative in cosmology & astrophysics

5 Office of - | Iy
A€ot .. BROOKHFAEN
7} Science NATIONAL LABORATORY

U.&, DEPARTIENT OF ENERGY
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RHIC II e T

N What 18 RHIC II'r’ 50 | R
o Upgrade the accelerator el
— x10 increase in luminosity 00 | /

o Upgrade PHENIX and STAR | 1 {. e

— study rare processes

m Why do we need RHIC II?

2002 |
2004
2008
20102
2012
2014

©
Q
|
N

> Learn the properties of the new hot dense matter
discovered in heavy ion collisions at RHIC
o Extend the study of spin physics to higher energies

via W= production and decay
e Study gluon density saturation in cold nuclei at very
low Bjorken x with p+A collisions

m This will take more data (integrated luminosity)
and more sophisticated detectors

5y, Office of
Al Scmnt:@ BNL Status and Future Plans - S. Aronson :\?r%'N' R'ﬂf?gﬂfy

U.S. DEPA T}'.ENTO ENERG




RHIC II Physms drivers

60

U.8. DEPARTMENY OF ENERGY 0,80

Estabhsh the nature of the matter Created in A+A
collisions

- 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

Will require measurement of

o Particle production at high pp
— inclusive spectra 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 / v, Y)
e Heavy flavor (c, b) production

4.5_.:“_ enix | Direct y (preliminary)

Dominated by rare probes g
® This program is | o
luminosity limited &
<2 Office of by
> Science BNL Status and Future Plans -{ T - ‘
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RHIC II Physics drivers

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

# 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

= W111 require measurement of

Particle production at high pr

— inclusive spectra of ID’d hadrons

— multi-particle correlations and jet production.
Direct v, y+jet and virtual y (I*1-) productiomn.
Light and heavy vector mesons (p, ®, J/vy, Y)

o Heavy flavor (c, b) production B e e L .

. a . d+Au FTPC Au 0-20% ]

m Dominated by rare probes T —pominbas  Shpe

A . . ) i i

® This program is T I *:{q’ * AusAu Cemra'[!|
luminosity limited - ‘[ i‘. rfl* L'l&

o - Y f -

“52 Office of ol ‘**&W‘f*‘"ﬂ ke *‘Mw'

._g | Science BNL Status and Future Plans - R S e S

U.S. BEPARTEIENT OF ENERGY A q’ (radians)



RHIC II Physms drlvers

m Establlsh 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 spectra of ID’d hadrons
— multi-particle correlations and jet production.

* Direct v, y+jet and virtual y (I*7) production.
o Light and heavy vector mesons (p, ®, J/w, Y)
¢« Heavy flavor (c, b) production B b et A e e E L
m Dominated by rare probes R i B B
® This program is NS - R
luminosity limited

112

olideiTin |
. IRt .
A NostEuy |

~oigh s

R sLRR N
IR SRt

P"W Office of
. | Science BNL Status and Future Plans - |

w.s. UEFARIHEHTOI !.NER!:Y




fAYA

RHIC II Physms drlvers spm & p- A

m Pre0131on measurements via polarlzed p+p

collisions, of

o the gluon structure of the proton 10—

. - RHIC xp\n—‘\m}(m\e
o the spin structure of the gluon {1 di = w00 pt?

- 'l ;
° proton Seamquark distributions k j,: AL (W) P'd
U\ﬁ"'t"'~|-- ™ — N N T (.51 "{IL([:I'{“,) g

. 2
K} E A gp
vy =200 GeV A s =500 (“v\ . Sl T At
| R0, | ‘H‘ < 035 "'..‘ | Ri=na, I (| © 0,35 | \ = - -
~ | S e Adid
(1.2 FGRSY MAXg T ] i _,Mm‘m/;Z.‘.m_ '
RSYNAXy S I S =

I . | ] SR
S e

GRSV MAXg ) - “*3?(11

GL 7 GRSVSTD ] ] | N doo.o]
Bl " | GRSV STD . ] . / ST

4 ““\.;,_:‘ N e * Adldd
I ~0.5k AR -
i GS-C 3 1 A ) hY ]
I ...--""'.-.' Temr F—'F Q?t i“:,[{iv \\\

(L8 B B 1 Vo
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RHIC II Phys1cs drlvers spin & p-A

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

e information on q and g shadowing down to x ~ 10-3, comparable
to fixed target e-A experiments but at much larger Q?

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

— e.g., J/wy or Drell-Yan
1.3 — 13 [
J/¥ A—Dep=ndence - J/¥ A—Dependence
1.2 E" + EBS8S dﬂtﬂ. lﬂ = 38.8 Oe¥ 1.2 -:- + ESG6 dﬂtﬂ. ’1{! = 35.8 GV
F W debAu run, t::-ZOD CoV, 4" 4 b % ctaurun, 4 = 200 e,
™ : LTI T 1.1 F - ror A -
Example: PHENIX 1 o AT o s A ge | dtAurun, o= 200 Gev, o'
central and 1 e < | - —
. e it - Sanneee ‘ T - .mn.
muon arms’ X F el ‘o oot .
9 L ] L
and x, reach in = = *, SN §
A - b
J/ v pm«:ﬂug 1011 s "oty ; f
% e7 0.7
05 - - 86 _
VOFffice of 05 S L 05 ‘_4. T P Y S R
; A Seience Ry e o 02 04 08 08 1 10 10° 10 10" 1
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PHENIX Central Arm Upgrades

m Enhanced Partlcle ID

m Vertex Spectrometer

* TRD (east) / + flexible magnetic field /
e Aerogel/TOF (west) * VTX: silicon barrel vertex tracker
e HBD and/or TPC
A, PHENIX l)utcctm | / o
S \) PC3 Contrd ” [ i s £ i
oy P2 hs.mt E Loady e - R |-
Py 4 \ = E
Y n \ v/ J
'f?hs ::J / ' = '_ : \\~ o ﬁ i m. ,}\ y /.a"
:\7 T rick ? ’
L’J .. J///,_.. R VTX e
7/ R AN R
AN | 575y Tl
Y 5&?}1 b 2 \
‘;» ,,-/wl figh Py / t,

/ West ‘ lileam Vle\\ — East
High p, phenomena: charm/beauty: TRD
AerogeTllToF o e/n above 5 GeVic

_ e*e contmuum HBD
T, K, p separation to 10GeV/c charm/beauty: VTX  palitz rejection

Office of displaced vertex
. Science BNL Status and Future Plans - S. Aronson BROOKHEVEN

i NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY




PHENIX Aerogel detector

o The Aerogel detector is a
iy

W o ’g =z

ot

iiﬁmﬁﬁiwm Cherenkov counter

@"ﬁ:@sg@ﬁ s a very low density,

$i0, — based solid

o It has an index of refraction
between gases & lLiguids.

o Identifies mm%'g@% gmzif: ticles
in a momentum range
inaccessib 4

P skt ©

- .

1) YA

3,’;..!,\/!'\-!: |1 S

“W%@. other
technologies.

4 - - - had .
w

Light Mixer

\/ Aerogel Cell

(11x22x11 cm?)

’ | Aerogel in here

’ - @:”r’f
- M Sc Alumlnum Box Status and Future Plans - S. Aronson BROOKHEAEN

. NATIONAL LABORATORY
1.5, DEPARTMENY OF ENERGY
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e —

. L : v | | : 10
HENIX Forward Upgrade Components
m Endcap Vertex Tracker s Muon trigger
e silicon pixel detectors * U-tracker (MuTr or new)
m Nosecone EM Calorimeter * D-tracker (timing with RPC’s?)
« W-silicon (20-50 X/X,) * Cherenkov
» shower max i IRIRIE G
o tail catcher ]
. a Cherenkov
_ Muon from
hadron decays
Silicon endcap | T
LR Muon from W
i N
Nosecone U-Tracker
Calorimeter =
i tee L\ Tail
cha_rmlbeauty & jets: Coteher |
displaced vertex |
D-Tracker -
v.ydetW,n'm,x;: W and quarkonium: improved p-trigger
=55 Office of calorimeter L
> Science BNL Status and Future Plans - S. Aronson BROOKHEUEN

NATIONAL LABORATORY
U.S. DEPARTMENTY OF ENERGY ;
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%ﬁﬁ’ STAR’s future program needs:

m 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 '

JAYA

== ifice of
-~ | Science BNL Status and Future Plans - S. Aronson hgﬁ?glsyig‘igﬁ)*\(

.S, DEPARTMENT OF ENERGY
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R The STAR Barrel TOF | : F
MRPC Prototype | Prototype Tray

' ' | 4 Construction
at Rice University ; 3
P E"Wﬂ

§ 28 MRPC

by Detectors;

+ 24 made at

MRPC design developed
at CERN, built in China

ey ciesbept - 08
chateade e b = 2em

palaidle: 3 it

bossy G fidacss - dus

g glastdan Lln

o I Buind hikans- 05 o2a
:};_:; t;{’ \»; W r—;}* Wiy s! W ;3 ;.' o4 1&’ Mt w 1232 ;;_ u; ; o
Chienat
s R i el - shatads Lot
hotls D (&)
Hihallazh N Cemses

o ~ 70 ps, 2 meter path EMC

Strong team including 6 Rails
Chinese Institutions in place

e e o Completed Prototype 28 module MRPC
| Office of

/1 seience " BNL Status 1OF Tray lostalled in STAI.R Oct. ‘02 in
(1.5, DEPARTHENY OF ENERGY : place of existing central trigger barrel tray
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Yéﬁﬁ’ The STAR pVertex detector

m 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
o Jdentifying B mesons

m Identifying heavy
quark jets

Thin silicon ladders
under tension ———___ —
L Scienice BNL Status and Future Plans - S. Aron

U.S. DEPARTISENY OF ENERGY

13
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eRHIC

m What is eRHIC?

e Added capability to e
collide polarized electrons PN,

i,
oK,

V| - —

with the heavy ion and {/‘ - T
polarized proton beams \‘«\ . | e
at RHIC | T e T
\ e-cooling
— S. Ozaki will discuss SO - ‘
machine configuration Iy »
and options
m Why do we need eRHIC? | =
° Many fundamental issue in QCD can be addressed
with a high energy collider capable of studying
polarized deep inelastic scattering
P2 Office of
@ Science BNL Status and Future Plans - S. Aronson ' hﬁﬁ?ﬂ'ﬁﬂ@ﬁﬁ%

U.S. DEPARTMENY OF ENERGY



Scientific Frontiers Open to eRHIC

m Nucleon Structure: polarized, unpolarized e-N scattering

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

* Correlation between partons
— Hard exclusive processes = Generalized Parton Distributions (GPD’s)

m Meson Structure: |
* Mesons are goldstone bosons and play a fundamental role in QCD
» 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
» Effect of nuclear medium .
* How do DIS’d partons evolve into colorless hadrons?
m Partonic matter under extreme conditions
- ¢ e-A vs. e-p scattering; study as a function of A
@ﬁme of

~ | Science BNL Status and Future Plans - S. Aronson BROOKHEUEN

NATIONAL LABORATORY
.S nsmsznqsur OF ENERGY
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Why use a Collider for DIS?

Past polarlzed DIS expenments in fixed target mode
Collider has distinct advantages --- Confirmed at HERA

Fixed target L Collider

M 1,1,: cl. trag.
= Dpions

nucl. fragments

pions

Better angular separation between scattered lepton &
nuclear fragments

» - Better resolution of electromagneuc pr obe

e« - Recognition of rapidity gap events (recent diffractive physics)
Better measurement of nuclear fragments
Higher center of mass energies reachable

BUT: tricky integration of insertion, beam pipe & detector

=51 Office of e
Science BNL Status and Future Plans - S. Aronson hﬁﬁgﬂ'ﬂ!ﬁgﬁﬂy

WU.S. BEPARTMENT OF ENERGY
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Proton g,(x,Q%) low x eRHIC

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

125 et F
e R 400 inv. pb of eRHIC
mosMc —— - - e,
085 1
' A EM43 —— -
T Q2= i Ge'g)‘z JR—— — ;
FCRT Y RT - —

€2

10 days of eRHIC run
Assume: 70% Machine Eff

085 il il 70% Detector Eff
10-2 10-1 x RIS O WV W T 11 o tagasl
107 w1’ 1071

W% Office of  No present or future approved experiment will be | BROOKMEATEN
=} Science |

.5, DEPARTMENY OF ENERGY | 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

e Reliability of applicability of pQCD without doubt leaves only
RHIC
m Measurements at eRHIC: complementary with RHIC

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

25, Office of , o
/| Science BNL Status and Future Plans - S. Aronson BROOKHFEUEN

= NATIONAL LABORATORY
LS. DEPARTMENY OF ENERGY .




Detector Design (I)...

others expected

19

Basic Setup

<= Hadron Side

% 0 20 ‘
meters
) . Parton Side \
\\\ \\
Iron Yoke ~ Instrumented \1
Muon Detectors Superconducting Solenoid

\\\\\‘\\\\\\\\\\\ «\\\\\\\\\\\\\\\\

(BaITEIEMCdQﬂmeter} 1.

(YA

Endcap
EM Ca!orimeter = :
\ e o 1 NN
etk } '¢’0.0’Q DE
Magnet

EM Calorimeter

090

Magnet %

-2

= OFfice of
4 Seience

LS. DEPARTASENY OF ENERGY

2m

BNIL Status and Future Plans - S. Aronson

BROOKHAVEN

NAT!QNA'L LABORATORY



9zZe

Detector Design (I)... others expected ”

Basic Setup

== Hadron Side Lepton Side mepp

—
e
=
e

. J
0 10 g 10 20

Lepton Side

Hadron Side

. i .. 2N Electron _ci"e
| [Actgye beam pipe] N 5 o § Tagger 4 !
~) B DEN [
3 ARETI Y _0.1
RSN D2 e,
0.

N,

( Synchrotr¢

Radlatlon M
[ Synchrotron

RN - R N
F SN =N [ e Photon
s Medium Rigidity R
‘ Spectrometer 7 [ Tagger

Spectrometer Radiation Mask
B I 10 S T | 5 T — 15 55

1R
a2t

High Rigidity i \

R

8y Office of | o
| Science BNL Status and Future Plans - S. Aronson BROOKHFEVEN
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BNL participation in LSST
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» Office of BROOKHEVEN
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What is LSST?

" The LSST will be a large, wide-field
ground-based telescope designed
to survey the entire visible
sky every few nights

® LSST endorsed by three

NAS studies:

® Astronomy & Astrophysics
in the New Millennium

® New Frontiers in the
Solar System

® From Quarks to
the Cosmos

2 Office of
A Secience BNL

.S, DEPARTMENTY OF ENERGY

22
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L. 23
LSST Motivation
| |
m LSST will enable a wide variety of complementary
scientific investigations, utilizing a common database

o These range from searches for small bodies in the solar system to
precision astrometry of the outer regions of the galaxy to
systematic monitoring for transient phenomena in the optical sky.

m Probe Dark Energy & Dark Matter
o Dark matter/dark energy via weak lensing
o Dark matter/dark energy via supernovae
m Open the Time Window
o Faint Transients (GRB, SN, ...?)
o Variability studies: stars, galaxiés...
m Unprecedented Planetary Probes
e NEO > 300m, KBO, Comets, debris |
« Requires: reach 24 V mag in <15 sec over ~5-10 sq deg field

Office of o
Science BNL Status and Future Plans - S. Aronson BROOKHEVEN

NATIONAL LABORATORY
U.S. DEPARYIENT OF ENERGY ’
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LSST Major subsystems

25

1€¢

r’ . 3 . i
2/ Science

U.8, BEPARTRENY OF ENERGY

Office of

2.3 Gpixel Camera

BNL Status and Future Plans - S. Aroason

DOE participation:

BNL, SLAC, LLNL,
Harvard, Illinois, etc.’

BROOKHEVEN

NATIONAL LABORATORY
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Background: BNL involvement

m LSST is the focus of BNL’s development of a research
effort in astrophysics and cosmology

* Consonant with BNL’s research and technical expertise

* Complementary to current program in HENP — Exp. & Theory
— RHIC, ATLAS, RSVP, DZero
* Start-up supported by Laboratory discretionary funds, pending
future programmatic support (requested of DOE-HEP)
* Physics Department & Instrumentation Division

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

. — A mixture of LDRD funded and unfunded efforfs

fA XA

oy Office of
L Science BNL Status and Future Plans - S. Aronson ,\Eﬁ,?glgﬂg‘,gﬁ,%(
U.S. BEPARTMENT OF ENERGY o
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Approach

m Scientific

 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

€ee

w0

2% Office of _ - L
<] Science BNL Status and Future Plans - S. Aronson BROOKHAUEN

NATIONAL LABORATORY
U.8. DEPARYISENT OF ENERGY ’
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Approach

m Technical

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

e 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 analysis 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

yee

P Office of
=~ Science BNL Status and Future Plans - S. Aronson &ﬁggmﬁ"gﬂy

U.S. DEPARTMENY OF ENERGY
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BNL’s principal LSST role »

m Focal Plane Array
e Detector design
» Technology choice

LSST Camera Organizati()n

* Procurement/testing e
W. Althouse, Proj Myr
* Assembly &
commissioning Camera Project Support System Enginearing
. * Project Controls & Risk Mgmt -
m Front-end Electronic — |:fgmeress syt Lead Mech. Enge
 Significant effort Lea Eloct, Engr
J, Qlevor, Haevard
— # of detector ‘
modules, volume [ =7 ~ |
Of data DatrBus Focal Plane Assy | {  Opfics Mechanisms Thermal Camera I&T
. LN O#for, Harentd S, Arnnson, BRL | A l'algyl.mr,lll.N‘ll: . Hale, LLHL & Structural || & Sup. Equip.
e More 1~ellance on ,’ , 5. Qlivier, LL? 1. Thurston W, Craig
I 1 ’l 3
ASIC?S tha:r} any ! Array, FE Elex Al'l'ay Teiﬁﬂg thg-'e!ec-!’l Assy
previous hlgh | | o Comen ot mis'a'r"‘é;' o, | | TPk AL Al BLAG uniess othsrwisd riotad
performance ‘. .
imager for S
astronomy/astrophysics
Office of
BROOKHEAUEN

Science BNL Status and Future Plans - S. Aronson NATIONAL LABORATORY

U.8, DEPARTMENY OF ENERGY
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Si Detector Development and Processing at BNL

m Instrumentation Division has

* A unique ability within the DOE labs

and US universities to fabricate
complex silicon detector devices

— The highest sensitivity low noise ICs (PHENIX barrel VTX)
Experience designing Si pixel A
detectors with low noise ASIC
readout for RHIC and ATLAS

Experience in large-scale integration
of Sl-based detectorg. |

Novel Detectors
" Stripixel detectors

1-sided 2D position sensing

{ RS E 2 ;
: ; 1 M i
A IS N A
o}
) ;
2 %29
; 11
e 4
S :
I + A
poweram:

" Actlve matrlx p:xel sSensors

" Edgeless detectors
® Semi-3D rad hard sensors

BROOKHEUEN

l s - S. Aronson NATIONAL LABORATORY
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Tera-scale computing

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

e Tera-scale computing resources, mcludmg sustained

computing power in the 1-10 Tﬂops range, W111 be
I'equlred to keep up

= BNL computing resources
¥ operating on this scale now
e RHIC Computing Facility
— RCF Linux farm < 3 Tflops
* US ATLAS Tier I Computing
Facility g
e High speed networking capability B

— RCF/ACF enables data analysis at institutions Worldw1de

— Constantly improving speed

" Office of
<5 Science

U.5. DEFARTEIENY OF ENERGY
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FUTURE PERSPECTIVES: RBRC

Nicholas P. Samios
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(6)-a) N.P.Samios

Future Perspectives

RBRC

Nicholas P. Samios

Presentation
10™ Meeting of The Management Steering Committee of
RIKEN BNL Collaboration

March 25-26, 2004
RIKEN, Wako, Japan

241



e

Future Perspectives - RBRC

RBRC

RHIC

Will continue to aim to be the intellectual leader in the
new field of High Energy Nuclear Physics

" Non-Perturbative QCD, Spin Physics Program, Computing

Explore:

_ New Form of NUclear Matter

Nuclear Spin and Nuclear Structure

More complete Laitice Gauge Calculations
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QCD = RHIC

High Energy Density Maiter Formed
Quark Gluon Plasma — not weakly interacting (gas)
strongly interacting (liquid)

Define this matter

In addition
“Color Glass Condensate — small x phenomena

Future Projects:
. Detector Upgrades
Increased performance of RHIC
Luminosity = RHIC 1l |
Enhanced cdpability
~ e-RHIC
Other:
‘ LHC
Astrophysics
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Spin Program

Preparations essentially completed
Detectors, snakes, rotators, polarimeters

'04-'06 Long Runs /s =200 GeV

Gluon polarization (n° ‘s , direct y's)

'07 -'12 s = 500 GeV
Gluon polarization
W: anti-quark distributions
Parity violating effects

Computing
‘04 QCDOC operational
10 Teraflops + QCDSP 1 Teraflops

Strong theoretical Laitice Gauge Group -
- Aoki, Creutz, (Karsch), Christ, +

'06 -~'07 R&D for nexi generation computer
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Future Perspectives - RBRC

RBRC

RHIC

Will continue to aim to be the intellectual leader in the
new field of High Energy Nuclear Physics

| Noh-Peﬂurbaﬁve QCD, Spin Physics Program, Computing

Explore:

~ New Form of Nuclear Matter

Nuclear Spin and Nuclear Structure

More compilete Lattice Gauge Calculations



FUTURE DIRECTIONS: LATTICE GAUGE
THEORY

Larry McLerran

253



~ Future Difecti'ons:
Lattice Gauge Theory

Forming a Lattice Gauge ATheory Group at BNL
| Collaborate with RBRC, Columbia .
DOE HEP and NT Center for Lattice Gauge Theory

Longer term future: 1000 TFlop Machine

I .
G - . 165.-!"".E'.'".»»!'_'.'-"',j","%_
Ultimate physics goals: 4. ARk ghuon plasmp
Precision test of non-perturbative QCD g ™E "“---z,;_-'jssovsr ;
Precision computations of CKM parameters S 163 ‘,di“‘Ph"‘,l"‘a
Gluon and quark structure of hadrons wefi o
Non-perturbative understanding of CGC S ;{;oago':éo
#y (MeV)

TELIO PN (§-(9) -
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New Directions:
RHIC Il and eRHIC

Understanding the origin of sea quarks and glue
The nature of spin in hadrons
Tests of CGC and QGP ideas with hard probes:
photons, charm |
Thermalization: Where CGC meets QGP
Tests of. CGC ideas in forward physics eRHIC

2 2
e Q° (GeV*) -
[ HERA
T T T ] w*- — Fixed target p-DIS
Afr| ' E oeenee ixed target e-DIS
! ol ENEIC A
ool |- 3 N
10
1]
[} soodcv.aoopb" NLO ] 1 |
L 4 200GeV,I0pH! eeeeo Lo 4
0.0t . 1 X
o 1 P, [GeV] 1 feeerenes RSN INNW,
o' 1 10 10 1

LHC Phenomenology: Very Small X, Heavy lons, EW



JATA

~ (GPD’s)

Scientific Frontiers ai eRHIC

Nucleon Structure: polarized & unpolarized e-p/n scattering
—- Role.of quarks and gluons in the nucleon .
>> Unpolarized quark & gluon distributions, confinement in nucleons
>> Spin structure: polarized quark & gluon distributions
—- Correlation between partons
>> hard exclusive processes leading to Generalized Parton Distributions

Meson Structure:

~- Mesons are goldstone bosons and play a fundamental role in QCD

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

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

Partonic matter under extreme conditions
-— e~A vs. e-p scattering; study as a function of A




FUTURE PERSPECTIVES EXPERIMENTAL
GROUP JFY 04 AND BEYOND

Hideto En’yo
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Future Perspectives

Experimental Group

JFY04 and beyond

H. En’yo

0k WT'H (0-(9)



79¢

JYF2004-2006
(MOU#Z 2002- 2006)

- O RHIC Spin Experiment is in FULL SWING with

larger polarization and luminosity.
[1 Will obtain more accurate results for AG.

We will know how much gluons are carrying the proton

spin which is our primary goal of the project.

We will start the measurements for anti-quark

polarization at 500GeV.
O Upgrade Project R&D => Construction
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UPGRADE@CERN

Experiment G.

Fukutaro Kajiwara

Hiroaki Ohnishi . .
Johann Hauser Organization
Hiroyuki Kano _
- Kohei Fujiwara RBRC
_ (stdnt) | Hideto Enyo
RIKENS RB§C Gerry Bunce
f,ij:}rg; t{}Akl 4 Matthias Grosse Perdekamp
Tsuguchika Tabaru Abhay L Deshpande
Junkichi Asai Douglas E. Field
RBRC STUDEN%IS’ Kensuke Okada
‘ : : 1} h’
Nobuyuki Kamihara Osamu .jm neu; !
.~ Masashi Kaneta
Takuma Horaguchi Naohito Saito (Visitor)
Manabu Togawa » vao 11:{} gite ( ’ %sxter)
Yoshi Fukao Kazu Kurita (Visitor)
Hiromi Okada Wei Xie
Takashi Hachiya ~ Dave Kawall
Kazuya Aoki "
Yuji Tuchimoto

BELLE
Akio Ogawa (Visitor)

Kazumi
Hasuko(RIKEN)

L T)nmmﬂ( Gahhert( THT TC)

Masakzm Qkarzmm

~ Atsushi Take:tani‘
' Rykov Vlaézmxr

- Junji. Tojo |
 HisaTori
O Junpei Takan0

. WAKO/CCJ

Takashi Ichihara
Yasushi Watanabe
Satoshi Yokkaichi

Akio K?yemichi
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| BRBC oo

e Core of the pro;ect
— Entering the most exciting phase

~ — 3 RHIC physics fellows (joint with Univ.) w111 enlarge -
American student’s participations. -

— 2 new fellows will secure the local activity.
- — Promote physics data accumulation and analyses @ CCJ.

— Build up the future beam time strategy with other spin
experiments and the accelerator
« AGS/RHIC polarimetry

— Okamura/Takano for Polarization Improvements
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1400

1000 b

800

600 |—
400 -

200 -

ol in JFY2004 —_

[==CPU (unit)
|-=-CPU (GHz)

50GB ~> EOOGBivalume

| Upgrade of tape drive(9940B) |

| Disk (0.1 TB)
|- HPSS (TB)

] Fg&pération with new

RIKEN Super Computer

- T
£y

c Mar99 Mar.00 Mar.01 Mar.02 Mar.03 Mar.04

This cooperation helped us a lot,

2-3 time CPU capability with less operation cost
Storage is enough for three years of RHIC data
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Proposal for a Silicon Vertex Tracker (VTX) for the PHENIX

Experiment
M. Baker, R. Nouicer, R. Pak, P. Steinbesg
Brookh National Lab v, Chemistry Dap Upton, NY 11973-5000, USA
Z.L i
Brookh Ne ! Lab: v, I Division, Upton, NY 11973-5000, USA

J.5. Haggerty, J.T. Miichel, C.L. Woody
Brookhaven National Laboratory, Plysics Department, Upton, NY 11973-5000, USA

A.D. Frawley
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DoE Ciritical Decision 0 (OK
for the project) is expected in
sometime in FYO05.

~0.5M$(DOE) will be availablg

inc OHIHI ycar.

grade proposal
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Organization

for the Vertex

Detector Upgrade

i

I Subsystem Manager: ¥, Akiba

Deputy Subsystem Manager:
C Ogilvie

» Leading positions

filled

— System Manager:

— Deputy System Manager
— Pixel subsystem leader

— Strips subsystem leader

— Auxiliary system and integration

Y. Akiba
C. Ogilvie

H. Ohnishi
A. Deshpande

R. Pak

Systems Engincer (Electronic):
Inner layer Outer layers Auxiliary Systems and Integration Software DAQ
—-4 Silicon Pixel Detector Silicon Strip Detectors R. Pak

H. Ohnishi A. Deshpande
Sensor readout hybrids ~ RIKEN ROC SVX4 Readout Cards  DOE Support Structure | 1| Simulation Data Collection
J. Heuser -1 V. Cianciolo 1 D.Lee V. Rykov Modules DOE
RIKEN ORNL, RIKEN, UNM LANL, BNL PHY
Readout Bus RIKEN Sensor RIKEN Detector Ladders | | Track projection/DCA
Atsushi Taketani = J Tojo = D.Lee H. Pei
RIKEN, KEK BNL ID, RIKEN, Kyoto BNL CHEM, RIKEN, SBU, UNM
Pilot Module RIKEN | || ROC-SensorIntegration ~RIKEN | | Ancillary Services
Hiroyuki Kano ORNL, RIKEN, UNM BNL PHY
RIKEN, Niigata, ISU
Pixcl Assembly&Testing RIKEN | PilotModule DOE | | Installation and Support
RIKEN ORNL, ISU BNL PHY

1 Fromt End Modale . DUE |~
SBU L_ Steip Assembly & Testing DOE | | Detector Assembly
BNL CHEM, RIKEN, SBU, UNM BNL CHEM, RIKEN, SBU, UNM
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Pixel Sensor/Elec

Fabrication,QA
CERN/RIKEN

Towards the Installation

Readout Card (ROC)

Ladder

Pilot Mnclule

Fabricate Pilot boards

Fabrication,QA
RIKEN

Private Company

3

Asgemble Pllots
Private Corupany

3

Test Pilotx
QRN

Ladder assembly
(giuing und wire-bonding)
RINEN/GUNY-88

SVX4 chip
Msanufacture, QA, dicing Fabricate ROC Boards Thinning/metalization
Famanpatsn/ SN TEY Private Company EMNAY
$ 4 3
Sengor registration, visual inspection, IV test Assemble ROCs Test on water
RIKEN rivate Compuny FINATL
1 | v ¥
QA subssnaple Test ROCs Waler dicing
RIKENUNM/BUNY-STX ORNL/ARIKIN TIAL,

FEM

Fabricate FEM boards
Private Company

$

Ladder test
TIKEN/SUNY_8B

! !

Assemble FEMSs
Private Compory

|

VTX Barrel

Test FEMsx
ORNL

Ladder test
BNEL Chendstry

+

Installation to barrel
BNL Chemistey

i

Installation to PHENIX
BN

)
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Upgrade: Budget and Schedule

Table 15 Overview of the total estimated cost for the VTX project

WBS Name DOE RIKEN Total

1.1.1 STRIP 2,180,695 1,302,125/ 3,482,820

1.1.2 PIXEL 575,700 1,690,375} 2,266,075

1.2 DAQ 441,450 0f 441 450

1.3 IAUXCILARY SYSTEMS & INTEGRATION i 2,360,013 67,500} 2,427,513

1. Total . ) ) 5,557,858 3,060,000{8,617,858

v m,_.,. ;".“ ........... S N P Z - — N
5003 [Z008" 12065 R £ - W -
[san TApr ] ol TOS | dan Tapr {0k 10k | san [Apr 1 3 IoalmlAprT-ul St | gen JAne T od Toat | -
1 TVER F"M_ . ————
o geociiplend . - « 10 R

€44

P o e e re 1148
Specifications o oo . » =
| MRESTONE « Completion of Mechanical Structine o 7721
o Me‘é‘llah‘i’i‘:n‘:lﬂ.‘;ﬂ'dﬁuir& - e Tersomrm w b
" wefrasteuctare T W w
© 7 Environfmenia Safety & Co >4 » CE{10%]
© instsllation i . .y

- Cost: $5.6M (DOE)+ RIKEN(~3M) within.the cufrent
RIKEN-approved budget frame (not by MEXT)
Complete in 2007 to be ready for RUN8
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L4

f Strip | Sensor

80 ux 1000 p

2nd Metal
X-strip

-

Y-pixel
{1** mefal)

Goto
Bonding
Pad for
X-strip

X-pixel

(1* metal)

2nd Metal

Y-strip
Each pixel region has 2 AN
serpentine-shaped metal strips to so,{m \
Pad t'csrg FWHM
COHCCt Chal’ ge Y _strip for charge
" " [z.Li st Div., BNL | diffasion

Any hit will deposit charge on
both metal strips (one x and the

[ XS " >

Prototype sensor and dimensions:
*3.43 cmx 6.46 cm
» divided in to 2 sides of sensitive areas
3.07cmx 3.0cm o
* Each strip sensor: 1536 channels
* 2 x 384 per side x 2 -
e half in x and half in u direction
» First prototypes were 250 and 400 p thick
* Tested in laboratory & test beam
* Second generation will be tested early this year



B External trigger | : - @Wako
‘ — ‘ Readout test for
Silicon Strip
With SVX4 chip

i 3

e
—
¥

[T TSR
'

cionfkivt

[RO——

Rt

Test production in *03
Production in ‘04
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Strip Sensor, Some Time Lines

Date Test Location
1 Apr. Si Sensor/SVX4 on the testboard | ORNL/RIKEN/BNL

2004 ‘
Oct. Full ROC (SVX4/FPGA/strip ORNL
2004 bus)
Dec. Si sensor/full 1% round ROC RIKEN
2004 - | |
Jul. Si sensor/full 2™ round ROC RIKEN & SBU
2005
Jul. 15t full ladder RIKEN
2006
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"PHENIX Pixel detector@CERN

One Pixel ladder consists from 16 pixel chips.
Ladder contains four times “four-chip” ladder on it.
Smallest detector component is “four-chip” ladder

10 ladders are placed surrounding beam pipe,
2.5 cm away from x=y=0.0

South |
Thickness; Sensor = 200 mm; r/o chlp- 150 I ” |
We need 10x16 = 160 S e ', o
pixel readout chips in total {0 Vo [ 398 = e
o complete the inner most layer .;;0..

silicon pixel detector NG N
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Status of Ladder product10n@CERN

'+ Pixel readout chip

— 16 pixel readout chip wafers, each wafer will contain around 40 good
chips on it, are already in our hand.

e Preparation for Pixel readout chip QA test is in pro gress

— Installation of the Probe station to one of clean room at CERN 18
completed.

ALICE-LH:CB 1
pixel readout chip wafer

A.Taketani (RIKEN )
and
K.Fujiwara (RIKEN / Niigata-U)
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Schedule for assembly production

2004 2005 2006

Assembly production
@VviT{1)

. TerIKEN

Assembly production
@VvTT(2)

Assembly production 1" 2/28.
@VIT(3) | H

411, SN
*$

Assembly production
@VIT@

Assembly production 7 : |3/ 1

@ VTT (5)

Production of assemblies are scheduled 5 times for ALICE during next 2 years
Assembly production for PHENIX should go together with ALICE production

For PHENIX, we need 40 ladder + spears(207?)
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new development

page8

( . 10 MHz | (Data+Data+Contlor+Control) \
R = 4AO0MHz e
mg} odbits — New PILOT —332 bits = |GOL » FEM

128 bits =% e < DI GOL |

% =1 84bits —=| New pILOT |32 bits F/GOL g FEM/

We only need to modify number of input and output channel.
( We can keep “core” design inside ALICE Pilot chip as it is)

'Size of new pilot chip will be a little bigger than ALICE Pllot chip

~ 8x6 mm? ( 4x6 mm?)

This design is going to submit May/2_004. |

Hiroyuki Kano (RIKEN) is working on it.
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~ ALICE Pixel BUS structure pagets

For the ALICE case;
| A 44 control lines
5 layer of Al-capton Signal (for SMD) + 32 data lines in 1.38 cm.

-{_—~ Vertical line_
T S Horizontal lines
| ———————{"—>VDD (power line)

Signal 1; (Vertical line)
line connected with
pixel chip with wire bonding

Singal3

Signal 2; (Horizon’tal line)
connected with vertical line
with through hoie |

Signal 3; (for SMD)
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‘Easy (relatively)

. Option1 =~

'Summary

~ Option 2 -

page18

Aggressive

Option 3

Line spacing; 140 um pitch
Material Budget; "
Cu;  Total ~0.376 %

|1 Cu;

Line spacing; 140 um pitch
Material Budget;

Total ~ 0.306 %
Al;  Total~0.128 %

Cu;

Line spacing; 70 um pitch
Material Budget; ,
~ Total ~0.236 %
Al;  Total~0.117 %

1AL Total ~0.139 %

* Fine pitch ~70 um Cu trace is technically available.

Option-3 Cu signal lines will be 1st option (Base line)
Option-2 Al signal lines will be a 15t step to build full Al pixel bus.

We are working together with company in JAPAN.




6.2

- JYF2004-2006
 (MoU#2: 2002-2006)

O RHIC Spin Experiment is in FULL SWIN G wzth

larger polarization and lummaszty

0 Will obtain more accurate results for AG.

- We Will know how much gluons are carrying the proton

o 3pin which is our primary goal of the project

We will start the measurements for anti- quark

'_ polamzatlon at 500GeV. | |
E] Up grade Pro;ect R&D => Constructlon :
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RBRC Experimental Publications
April 2003 — March 2004

POLARIZED PROTON COLLIDER AT RHIC, By I. Alekseev et al,,
Nucl.Instrum.Meth.A499:392-414,2003

RHIC ACCELERATOR ADVANCES FOR SPIN, By G. Bunce, Prepared for 3rd
Circum-Pan-Pacific Symposium on High Energy Spin Physics (SPIN 2001),
Beijing, China, 8-13 Oct 2001 Int.J.Mod.Phys.A18:1255-1261,2003

THE AGS CNI POLARIMETER, Workshop on increasing the AGS Polarization, Ann
~ Arbor, Nov. 2002. G. Bunce et al., AIP Conf. Proc. 667, 77 (2003). '

MID-RAPIDITY NEUTRAL PION PRODUCTION IN PROTON-PROTON
COLLISIONS AT S**(1/2)=200 GEV, S.S. Adler et al., to be published in Phys. Rev.
Lett. (2003), hep-ex/0304038

MEASUREMENT OF SINGLE TRANSVERSE SPIN ASYMMETRY IN FORWARD
PRODUCTION OF PHOTONS AND NEUTRONS IN PP COLLISIONS AT
ROOT(S)=200 GEV, A. Bazilevsky et al., Spin 2002, AIP Conf. Proc. 675, 584 (2003)

RHIC pC CNI POLARIMETER: EXPERIMENTAL SETUP AND PHYSICS
RESULTS, L G. Alekseev et al., Spin 2002, AIP Conf. Proc. 675, 812 (2003)

RHIC pC CNI POLARIMETER: STATUS AND PERFORMANCE FROM THE FIRST
COLLIDER RUN, O. Jinnouchi et al., Spin 2002, AIP Conf. Proc. 675, 817 (2003)

POLARIZED H- JET POLARIMETER FOR ABSOLUTE PROTON POLARIZATION
MEASUREMENTS IN RHIC, A. Zelinski et al., Spin 2002, AIP Conf. Proc. 675, 954
(2003) :

PHYSICS WITH RHIC SPIN COLLIDER., By H. Enyo (Wako, RIKEN & RIKEN
BNL). 2003. 8pp. Published in Nucl.Phys.A721:143-150,2003

SPIN ROTATOR COMMISSIONG AT RHIC, W. Mac Kay {et al} and the PHENIX
collaboration, Proceedings of EPAC 2003

NEUTRAL PION MEASUREMENTS IN POLARIZED PROTON COLLISIONS
FROM PHENIX AT RHIC, Y. Goto for the PHENIX Coliaboration, PANIC 2002,
Nucl. Phys. A721 (2003) 360-363.

PROSPECTS OF THE GLUON POLARIZATION MEASUREMENT AT PHENIX, Y.
Goto for the PHENIX Collaboration, SPIN 2002, AIP Conf. Proc. 675 (2003)
493-503. _
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THE QUEST FOR NUCLEON SPIN, VERNON W. HUGHES; THE LAST DECADE:
1993-2003, A. Deshpande, Proceedings of “Symmetries and Spin 2003, Prague, to be
published by World Scientific.

eRHIC: THE ELECTRON ION COLLIDER AT BNL, A. Deshpande, European Journal
of Physics A, to be published in the Proceedings of International Meeting on Perspectives
on Hadronic Physics, ICTP, T_rieste, Italy, May 2003.

COMMISSIONING OF RHIC POLARIMETERS, A. Bravar, et al., BNL-Report-68976

TESTING OF QCD THROUGH SPIN OBSERVABLES IN NUCLEAR TARGETS, |
Workshop Summary of Experimental Talks, A. Deshpande, University of Virginia, April
20, 2003, World Scientific, Editors: D. Crabb, D. Day, J. Chen

MULTISTRANGE BARYON PRODUCTION IN AU-AU COLLISIONS AT
S(NN)**1/2=130 GEV, Submitted to Phys. Rev. Lett, e-Print Archive: nucl-ex/0307024.

PHENIX DETECTOR OVERVIEW, PHE‘ND( Collaboration (K. Adcox et al.),
Nucl. Instrum. Meth. A499 (2003) 469-479.

PHENIX Magnet System, PHENIX Collaboration (S. H. Aronson et al.), Nucl. Instrum.
Meth. A499 (2003) 480-488.

PHENIX Central Arm Particle ID Detectors, PHENIX Collaboration (M. Aizawa et al.),
Nucl. Instram. Meth. A499 (2003) 508-520.

PHENIX CALORIMETER, PHENIX Collaboration (L. Aphecetche et al.), Nucl.
Instrum. Meth. A499 (2003) 521-536.

PHENIX Muon Arms, PHENIX Collaboration (H. Akikawa et al.), Nucl. Instrum. Meth.
A499 (2003) 537-548.

PHENIX Inner Detectors, PHENIX Collaboration (M. Allen et al.), Nucl. Instrum. Meth.
A499 (2003) 549-559.

PHENIX On-Line Systems, PHENIX Collaboration (S. S. Adler et al.), Nucl. Instrum.
Meth. A499 (2003) 560-592.

PHENIX On-Line and Off-Line Computing, PHENIX Collaboration (S. S. Adler et al.),
Nucl. Instrum. Meth. A499 (2003) 593-602.

ABSENCE OF SUPPRESSION IN PARTICLE PRODUCTION AT LARGE
TRANSVERSE MOMENTUM IN S(NN)**(1/2) = 200-GEV D + AU COLLISIONS,
PHENIX Collaboration (S.S. Adler et al.), Phys. Rev. Lett. 91 (2003) 072303.
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SCALING PROPERTIES OF PROTON AND ANTI-PROTON PRODUCTION IN
S(NN)**(1/2) 200-GEV AU+AU COLLISIONS, PHENIX Collaboration (S.S. Adler et
al), Phys. Rev. Lett. 91 (2003) 172301.

SUPPRESSED PI"0 PRODUCTION AT LARGE TRANSVERSE MOMENTUM IN
CENTRAL AU+ AU COLLISIONS AT S(NN)**1/2 =200 GEV, PHENIX
Collaboration (S.S. Adler et al.), Phys. Rev. Lett. 91 (2003) 072301.

CENTRALITY DEPENDENCE OF THE HIGH P(T) CHARGED HADRON
SUPPRESSION IN AU+AU COLLISIONS AT S(NN)**(1/2) = 130-GEV, PHENIX
Collaboration (K. Adcox et al.), Phys. Lett. B561 (2003) 82-92.

UNCERTAINTY OF POLARIZED PARTON DISTRIBUTIONS, Asymmetry Analysis
Collaboration (M. Hirai et al.), SPIN 2001, Int. J. Mod. Phys. A18 (2003) 1203-1210.

SEARCH FOR NEW STATES OF MATTER WITH THE STAR EXPERIMENT AT
RHIC,, J. S. Lange (STAR Coliaboration), Nucl.Phys.A718:367-374,2003

B PHYSICS AT STAR, J. S. Lange, nucl-ex/0306005

OBSERVATION OF THE D*(S8J)(2317) AND D'*(SJ)(2460) IN BDECAYS, BELLE
Collaboration, supersedes hep-ex/0307041, submitted to Phys. Rev. Lett., hep-
ex/0308019

OBSERVATION OF A NEW NARROW CHARMONIUM STATE IN EXCLUSIVE
B+- --=> K+- PI+ PI- J / PSIDECAYS, BELLE Collaboration, hep-ex/0308029

NET CHARGE FLUCTUATIONS IN AU + AU COLLISIONS AT S**(1/2) = 130-
GEV, J. Adams, et al. (STAR), Phys. Rev. C68 (2003) 044905.

STAR DETECTOR OVERVIEW, K.H. Ackermann, et al. (STAR), Nucl. Instrum. Meth.
A499 (2003) 624-632.

OBSERVATION OF B+--->P ANTI-P PI+, BO ---> ANTI-P KO, AND B+ --->P ANTI-
P K*+. By Belle Collaboration (M.Z. Wang, et al.) BELLE-CONF-0313, Oct 2003.
10pp. e-Print Archive: hep-ex/0310018

SEARCH FOR B- -—->J / PSI LAMBDA ANTI-P DECAY. By Belle Collaboration
(S.L. Zang et al.) KEK-PREPRINT-2003-60, BELLE-PREPRINT-2003-18, Sep 2003
8pp. Submitted to Phys. Rev. D., e-Print Archive: hep-ex/0309060

OBSERVATION OF A NARROW CHARMONIUM - LIKE STATE IN EXCLUSIVE
B+ ---> K+- PI+ PI- J / PSIDECAYS. By Belle Collaboration (S8.K. Choi et al.)
Sep 2003. 10 pp. e-Print Archive hep-ex/0309032
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OBSERVATION OF RADIATIVE B ---> PHI K GAMMA DECAYS. By Belle
Collaboration (A. Drutskoy et al.) BELLE-PREPRINT-2003-11, KEK-PREPRINT-
2003-43, Sep 2003. 9pp. e-Print Archive hep-ex/0309006

STUDY OF TIME DEPENDENT CP VIOLATION IN B0--->J / PSI PI0 DECAY. By
Belle Collaboration (K. Abe et al). BELLE-CONF-0342, Aug. 2003. 11pp. Contributed
to 21* International Symposium on Lepton and Photon Interactions at High Energies (LP
03) Batavia, Illinois, 11-16 Aug. 2003. e-Print Archive hep-ex/0308053

STUDY OF CP VIOLATING EFFECTS IN TIME DEPENDENT BO(ANTI-B0)---
>D(*)-+ PI+- DECAYS. By Belle Collaboration (K. Abe et al.) BELLE-CONF-0341,
Aug. 2003. 16pp. Contributed to 21 International Symposium on Lepton and Photon
Interactions at High Energies (LP 03) Batavia, Illinois, 11-16 Aug. 2003. e-Print Archive
hep-ex/0308048. .

OBSERVATION OF B--->K* L+L-. By Belle Collaboration (A. Ishikawa et. al.)
BELLE-CONF-0351, Aug. 2003. 13pp. Contributed to 21* International Symposium on
Lepton and Photon Interactions at High Energies (LP 03), Batavia, Hlinois, 11-16 Aug
2003. e-Print Archive: hep-ex/0308044

MEASUREMENT OF THE ANGLE PHI(3) WITH DALITZ ANALYSIS OF THREE
BODY DO DECAY FROM B--->D0 K PROCESS. By Belle Collaboration (K. Abe et
al.) BELL-CONF-0343, Aug. 2003 25pp. Contributed to 21* International Symposium
on Lepton and Photon Interactions at High Energies (LP 03), Batavia, Illinois, 11-16 Aug
2003. e-Print Archive: hep-ex/0308043

EVIDENCE FOR B0---> PI0 PI0. By Belle Collaboration (K. Abe et al.) BELLE-
CONF-0354, Aug 2003. 9pp. Contributed to 21 International Symposium on Lepton
and Photon Interactions at High Energies (LP 03), Batavia, Illinois, 11-16 Aug 2003.
e-Print Archive: hep-ex/0308040

MEASUREMENT OF THE CP ASYMMETRY IN B--->X(S) GAMMA. By Belle
Collaboration (K. Abe et al.) BELLE-CONF-0348, Aug. 2003. 10pp. Contributed to
21* International Symposium on Lepton and Photon Interactions at High Energies (LP
03), Batavia, Illinois, 11-16 Aug 2003. e-Print Archive: hep-ex/0308038.

OBSERVATION OF RADIATIVE DECAY D0 ---> PHI GAMMA. By Belle
Collaboration (K. Abe et al.) BELLE-CONF-0346, Aug 2003. 9pp. Contributed to 21%
International Symposium on Lepton and Photon Interactions at High Energies (LP 03),
Batavia, llinois, 11-16 Aug 2003. e-Print Archive: hep-ex/0308037

MEASUREMENT OF CP VIOLATION PARAMETER SIN** 2(PHI(1)) WITH 152
MILLION B ANTI-B PAIRS. By Belle Collaboration (K. Abe et al.) BELLE-CONF-
0353, Aug 2003. 11pp. Contributed to 21% International Symposium on Lepton and
Photon Interactions at High Energies (LP 03), Batavia, Illinois, 11-16 Aug 2003. e-Print
. Archive: hep-ex/0308036.
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MEASUREMENT OF TIME DEPENDENT CP VIOLATING ASYMMETRIES IN B0--
-> PHI KO(S), K+K-K0(S), AND ETA-PRIME KO(S) DECAYS. By Belle Collaboration
(K. Abe et al.) BELLE-CONF-0344, KEK-PREPRINT-2003-47, BELLE-PREPRINT-
2003-14, Aug. 2003. 10pp. Contributed to 21* International Symposium on Lepton and
Photon Interactions at High Energies (1P 03), Batavia, Illinois, 11-16 Aug 2003.
Submitted to Phys. Rev. Lett. e-Print Archive: hep-ex/0308035. ‘

MEASUREMENT OF THE D0 ANTI-D0 LIFETIME DIFFERENCE USING D0---> K
PI/KK DECAYS. By Belle Collaboration (K. Abe et al.) BELLE-CONF-347, Aug.
2003. 12pp. Contributed to 21* International Symposium on Lepton and Photon
Interactions at High Energies (LP 03), Batavia, Illinois, 11-16 Aug 2003. e-Print
Archive: hep-ex/0308034.

MEASUREMENT OF THE E+ E- ---> D(*) + D(*)- CROSS-SECTIONS. By Belle
Collaboration (K. Abe et al.) BELLE-CONF-0332, Jul 2003. 10pp. Contributed to
International Europhysics Conference on High-Energy Physics (HEP 2003), Aachen,
Germany, 17-23 Jul 2003. e-Print Archive: hep-ex/0307084.

STUDIES OF B0---> RHO+- PI-+ AND EVIDENCE OF B0 ---> RHOO PI0. By Belle
Collaboration (K. Abe et al.) BELLE-CONF-0318, Jul 2003. 12pp. Contributed to
Internation Europhysics Conference on High-Energy Physics (HEP 2003), Aachen,
Germany, 17-23 Jul. 2003. e-Print Archive: hep-ex/0307077.

EVIDENCE FOR B+ ---> OMEGA L+ NU. By Belle Collaboration (K. Abe et al.)
BELLE-CONF-0326, Jul 2003. 10pp. Contributed to Internation Europhysics
Conference on High-Energy Physics (HEP 2003), Aachen, Germany, 17-23 Jul. 2003.
e-Print Archive: hep-ex/0307075. )

OBSERVATION OF B+- ---> D(CP)K*+- DECAYS. By Belle Collaboration (K. Abe et
al.) BELLE-CONF-0316, Jul 2003. 9pp. Contributed to 21* International Symposium
on Lepton and Photon Interactions at High Energies (LP 03), Batavia, Illinois, 11-16
Aug. 2003. e-Print Archive: hep-ex/0307074.

OBSERVATION OF B+ —-> PSI(3770) K+. By Belle Collaboration (K. Abe et al.).
BELLE-CONF-0303, Jul 2003. 9pp. e-Print Archive hep-ex/0307061.

MEASUREMENTS OF THE D(SJ) RESONANCE PROPERTIES. By Belle
Collaboration (K. Abe et al.) BELLE-CONF-0340, Jul 2003. 11pp. Contributed to
International Europhysics Conference on High-Energy Physics (HEP 2003), Aachen,
Germany, 17-23 Jul. 2003. e-Print Archive: hep-ex/0307052.

STUDY OF B- ---> D**( PI- (D**0--->D (*) + PI-) DECAYS. By Belie Collaboration
(K. Abe et al.) Jul. 2003 20pp. Submitted to Phys. Rev. D. e-Print Archive hep-
ex/0307021.
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COMMENT ON E+E- ANNHILATION INTO J/PSIJ/PSIL By Belle Collaboration
(K. Abe et al.). BELLE-PREPRINT-2003-7, KEK-PREPRINT-2003-24, Jun 2003. 6pp.
e-Print Archive hep-ex/0306015. -

IMPROVED MEASUREMENT OF THE PARTIAL RATE CP ASYMMETRY IN B+
---> KO0 PIH+- AND B- ---> ANTI-KO PI- DECAYS. By Belle Collaboration (Y. Unno et
al.) KEK-PREPRINT-2003-7, BELLE-PREPRINT-2003-4, Apr. 2003. 7pp. Published
in Phys. Rev. D68:011103,2003. e-Print Archive: hep-ex/0304035.

MEASUREMENT OF BRANCHING FRACTION RATIOS AND CP ASYMMETRIES
IN B+- ---> D(CP) K+-. By Belle Collaboration (S.K. Swain et al.) KEK-PREPRINT-
2003-8, BELLE-PREPRINT-2003-3, Apr. 2003. 10pp. Published in Phys. Rev.
D68:051101, 2003. e-Print Archive: hep-ex/0304032.

EVIDENCE FOR CP VIOLATING ASYMMETRIES B0 ---> PI+ PI- DECAYS AND
CONSTRAINTS ON THE CKM ANGLE PHI(2). By Belle Collaboration (K. Abe et
al.). KEK-PREPRINT-2002-131, BELLE-PREPRINT-2003-1, Jan. 2003. 26pp.
Published in Phys. Rev. D68:012001, 2003. e-Print Archive hep-ex/0301032.

NOVEL SILICON STRIPIXEL DETECTOR FOR PHENIX UPGRADE. Z. Li et al.
Nucl. Instrum. Methods, A 518, 300 (2004).
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