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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 
spin physics, lattice QCD, and RHIC physics through the nurturing of a new 
generation of young physicists. 

During the first year, the Center had only a Theory Group. In the second 
year, an Experimental Group was also established a t  the Center. At present, 
there are  seven Fellows and seven Research Associates in these two groups. 
During the third year, we started a new Tenure Track Strong Interaction 
Theory RHIC Physics Fellow Program, with six positions in the first academic 
year, 1999-2000. This program had increased to include ten theorists and one 
experimentalist in academic year, 2001-2002. With recent graduations, the 
program presently has eight theorists and two experimentalists. Beginning last 
year a new RIKEN Spin Program (RSP) category was implemented at RBRC, 
presently comprising four RSP Reseai-chers and five RSP Research Associates. 
In addition, RBRC has four RBRC Young Researchers. 

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

The construction of a 0.6 teraflops parallel processor, dedicated to lattice 
QCD, begun at the Center on February 19, 1998, was completed on August 28, 
1998. A 10 teraflops QCDOC computer in under development and expected to 
be completed in JFY 2003. 

T. D. Lee 
November 22,2002 

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

November 21-22,2002 
Brookhaven National Laboratory, Upton, NU 11973 

The fifth evaluation of the RIKEN BNL Research Center (RBRC) took place 
on November 2 1-22,2002, at Brookhaven National Laboratory. The members of the 
Scientific Review Committee were I>r. Jean-Paul Blaizot, Professor Makoto 
Kobayashi, Dr. Akira Masaike, Professor Charles Young Prescott, Professor Claudio 
Rebbi, and Professor Jack Sandweiss, Committee Chair. In order to illustrate the 
breadth and scope of the program, each member of the Center made a presentation on 
his research efforts. In addition, a special presentation was given jointly by our 
collaborators, Professors Norman Christ and Robert Mawhinney of Columbia 
University, on the progress and status of the RBRC Supercomputer program. 
Although the main purpose of this review is a report to RIKEN Management (Dr. S. 
Kobayashi) on the health, scientific value, management and future prospects of the 
Center, the RBRC management felt that ,a compendium of the scientific presentations 
are of sufficient quality and interest that they warrant a wider distribution. As such 
we have made this compilation and present it to the community for its information 
and enlightenment. 

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

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

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

Physics Department, Building 510, Open Sessions - Large Seminar Room 
November 2:l-22,2002 

Agenda 

Committee Members: Jean-Paul Blaizot, Makoto Kobtayashi, Akira Masaike, Charles Prescott, 
Claudio Rebbi, Jack Sandweiss, Chair 

Thursdav, November 21,2002 
8:OO AM to 9:00 AM 

Larne Seminar Room 

Open Executive Session (9 Working Breakfast 
(Summay Presentations by T.D. Lee and N.P. Samios) Room 2-260 

9:00 AM to 11:OO AM THEORY PRESENTKI'IONS-ANTHONY 1. BALTZ, CHAIR 
09:OO 

09:15 

09:30 

09:45 

1o:oo 
10:15 

10:30 

10:45 

11:oo 

Baryogenesis and Dark Matter 

Analysis of Heavy-Ion Collisions at RHIC with the 
Parton Cascade Model 

Numerical Gluodynamics for AA Collisions at RHIC: 
An Update 

Instantons at Large N, 

Applications of Perturbative QCD in Hadronic Collisions 

Investigation of Nuclear Matter in Extreme Conditions 

Recent Progress in Nuclear Effective Field Theory 

Fluctuations in Thermal QCD 

Break 

Alexander Kusenko 

Steffen A. Bass 

Raju Venugopalan 

Thomas Schaefer 

Werner Vogelsang 

Sangyong Jeon 

Bira van Kolck 

Mikhail Stephanov 

1k15 AM to 1:OO PM EXPERIMENTAL PRESENTATIONS-GERRY BUNCE, CHAIR 
11:15 Introduction of Experimental Group and Discussion Hideto En'yo 

Gerry Bunce 

11:35 The First RHIC Spin Run Naohito Saito 

11:50 Luminosity for PHENIX--Absolute and Relative; 
A New Inner Detector for PHENIX 

Yuji Goto 

12:05 PHENIX Triggering and Belle Fragmentation Functions Matthias Grosse Perdekamp 

12:20 Level 1 Triggering for the PHENIX Central Arms Kensuke Okada 

12:30 no and ET Measurements at PHENIX Alexander Bazilevsky 

12:45 Charged Particle Measurements at PHENIX Federica Messer 

1:OO PM to 2:OO PM SRC Executive Session -. Working Lunch (Room 2-260) 

:3 



Large Seminar Room 
200 PM to 3:20 PM EXPERIMENTAL PRESENTATIONS -HIDETO ENYO, CHAIR 

2:OO Polarimetry for RHIC Osamu Jinnouchi 

2:lO Local Polarimetry for PHENIX Brendan Fox 

2:25 South Muon Arm Operation in 2001/2 and North Muon Arm 
Construction 

Muon Arm Alignment for 2001/2 and Optical Alignment 
System Construction for the North Arm 

Douglas Fields 

2:40 Hideyuki Kobayashi 

250 Muon Measurements at PHENIX Atsushi Taketani 

3:05 Computing at CC-J at RIKEN Yuji Goto 

3:20 PM Break 

3:35PM to 500 PM THEORY PRESENTATIONS-SHIGEMI OHTA, CHAIR 

3:35 Lattice Calculation of the Lowest Order Hadronic 
Contribution to the Anomalous Magnetic Moment of the Muon 

3:50 

4:OO 

Proton Decay Matrix Elements with Domain-WaJl Fermions 

Nucleon Matrix Elements with Domain Wall Fermions 

410 Calculation of Hadronic Matrix Elements for Kaon Decay in 
Quenched Domain-Wall QCD 

4:20 

4:30 

Effective Theory for Polyakov Loops in Lattice QCD 

The Color-flavor Transformation and Lattice QCD 

445 Light Quark Masses from Domain Wall Fermions 

Thomas Blum 

Y a s d c h i  Aoki 

Kostas Orginos 

Jun-Ichi Noaki 

Yukio Nemoto 

Tilo Wettig 

Chris Dawson 

5:OO PM SRC Executive Session - (Room 2-1 60) 

700 PM Reception and Dinner (See Invitation) 

Continued Next Page 
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Fridav, November 22,2002 
8:OO AM to €230 AM SRC Executive Session and Continental Breakfast (Room 2-1 60) 

LarEe - Seminar Room 
8:30 AM to 9:30 AM 

9:30 AM to 1O:OO AM 

1O:OO AM to 11:OO AM 

9:30 AM to 1:00 PM 

1:OO PM to 200 PM 

200 PM to 3:30 PM 

3:30 PM to 5:OO PM 

5:OO PM to 600 PM 

6:OO PM 

QCDSP/QCDK: Physics Results and Prospects/Project Status 
Norman H. Christ and Robert M a w h e y  

*QCDSP Tour (Optional) 

*RHIC Tour (Optional) 

Meetings with Jndiviidual RBRC Staff 
Theorists (Room 2-160) 
Host Liaison Anthony Balk 

Experimentalists (Room 2-78) 
Host Liaisons: Hideto En'yo and G.  Bunce 

SRC Executive Session and Lunch - (Room 2-260) 

Meetings with Indivi,dual RBRC Staff (Continued) 

SRC Executive Session - (Room 2-260) 

Meeting with T. D. Lee and N. P. Samios -(Room 2-160) 

Adjourn 

*If you are interested in participating in one or both tours, kindly sign up with Rae Greenberg at the 
Registration Desk by Thursday afternoon. 

I 1/15/02 
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RBRC Scientific Review Committee Membership 2002 
Dr. Jean-Paul Blaizot 
Service De Physique Theorique 
CEA Saclay 
Orme Des Merisiers 
91 191 Gif-sur-Yvette, France 
TEL. 33 169 08 81 19 
FAX 33 1 69 08 81 20 
E-mail: blaizot@,spht.saclay.cea.fr; 

Professor Makoto Kobayashi 
Theory Group, Institute of Particle and Nuclear Studies 
High Energy Accelerator Research Organization (KEK) 
Oho 1 - 1, Tsukuba-shi 
Ibaraki-ken, 305-0801, Japan 
TEL: 81 298 64 5323 
FAX: 81 298 64 2580 
E-mail kobayath@post.kek.jp 

Dr. Akira Masaike 
3-8-5, Hieidaira 
Otsu-shi, Shiga-ken, 
520-00 16, Japan 
TELFAX: 81 77 529 2481 
E-mail: masaike@mvb.biglobe.ne.jp 

Professor Charles Young Prescott 
Stanford Linear Accelerator Center, MS 43 
P.O. Box 20450 
Stanford, CA 94309 
TEL : 650-926-2856 
FAX.: 650-926-3587 
E-mail: prescott@slac.stanford.edu 

Professor Claudio Rebbi 
Boston University 
Department of Physics 
590 Commonwealth Avenue 
Boston, Massachusetts 022 15 
TEL: 61 7-353-9058 
FAX: 617-353-6062 
E-Mail: rebbi@pthind.bu.edu 

Professor Jack Sandweiss 
Yale University 
Physics Department 
P.O. Box 208121 
New Haven, CT 06520-8121 

(RBRC SRC Chair) 

TEL: 203-432-33 58 
FAX: 203-432-6125 
E-mail: sandweiss@,heDmail.plivsics.vale.edu 
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RBRC Theory Group 

T. DI. Lee 
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T. D. Lee, ELBRC Director 
N. P. Samios, RB:RC Deputy Director 

Hideto En’yo, RBRC Associate Director 
RBRC Research Scientists 

Theory Group 
T.D. Lee, Group Leader 

Anthony J. Baltz, Deputy Group Leader 

(2001 - 2002) 

Research Associates 
(Post Docs) 
Aoki, Y. 
Itakura, K. 
Kretzer, S. (4103 Joint BNL Appit) 
Nemoto, Y. 
Noaki, J. 
Orginos, K. 
Yamada, N. (12/02) 

RSP Research Associates 
Hirano, T. (4/03) 
Ikeda, T. 
Sugihara, T. 

Fellows 
Blum, T. 
Dawson, C. 
Vogelsang, W. 

Tenure TracWRHIC Fellows 
Bass, S. (Duke) 
Kusenko, A. (UCLA) 
Jeon. S. (McGil I) 

RBRC Theory 
Advisow Committee 
Baltz, A. 
Creutz, M. 
Gyulassy, M. 
McLerran, L. 
Pisarski, R. 

RBRC Young Researcher 
Hatta, Y. 

Consultants/ 
Visiting Scientists 
Gyulassy, M. 
Jaffe, R. 
Ohta, S. 
Shuryak, E. 

Collaborators 
Mawhinney, R. 

Schaefer, T. (SUNY, SB) 
Stephanov, M. 
van Kolck, U. (Arizona) 
Venugopalan, R. (BNL) Computer Scientist 
Wettig;, T. (Yale) Dong, Z. 
Schaffner-Bielich, J. (Post Doc-10/31/01) 
Nara, Y. (Post Doc-9/30/02) 
Bodeker, D. (RHIC Physics Fellow, BNL-12/31/01) 
Son, D. T. (RHIC Physics Fellow, Columbia-3/31/02) 

(U. of IL, Chicago) 
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THEORY PUBLICATION LIST 

RBRC-1 H. Fujii and H. Shin, “Dilepton Production in Meson Condensed 
Matter,” Prog. Theor. Physics 98, 1 139 (1 997). 

0 0 0 0 0 0 0 0 0 0  

RBRC-31 D. Kharzeev, R. D. Pisarski, and M. Tytgat, Possibility of Spontaneous 
Parity Violation In Hot QCD, Phys. Rev. Lett. 8 l ,  No. 3,512-51 5 (1 988). 

Presented ut the First Anniversary Celebration, October 76, 7 998. 



THEORY PUBLICATION LIST (Cont’d) 

RBRC-231. K. Orginos [RBC Collaboration] “Chiral Properties of Domain Wall 
Fermions With Improved Gauge Actions,” [hep-lat 01 100741, to 
appear in the Proceedings of the XIX International Symposium on 
Lattice Field Theory “LA T T I E  ZOOf, ” Berlin, Germany, August 19- 
24, 2001; Nucl. Phys. B. (Proc. Suppl.) 

Presented at RBRC Scientific Review Committee Meeting, November 29-30,2001 
L-l vl 

e e e e e e e e e o  

RBRC-293. B. Jager, A. Schafer, M. Stratmann, and W. Vogelsang, 
“Next-to-Leading Order QCD Corrections to High-pT Pion 
Production in Longitudinally Polarized pp Collisions,” 
[hep-ph/OZI 10071, Phys. Rev. D (submitted). 

Presented at RBRC Scientific Review Committee Meeting, November 21=22,2002 
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Volume 43 

Volume 44 

Volume 45 

Volume 46 

Volume 47 

*In preparation 

RIKEN Winter School on Quark-Gluon Structure of the Nucleon and QCD 

RIKEN, Wako, Japan 

Organizers: H. En’yo, N. Saito, T.-A. Shibata and K. Yazaki 

(BNL-52672) 

March 29-3 1,2002 

RHIC Spin CollaborationMeetings VIII, IX, X, XI (BNL-)* 
April 12,2002, May 22,2002, June 17,2002, July 29,2002 
Organizer: Brendan Fox 

Large-Scale Computations in Nuclear Physics Using the QCDOC (BNL-)* 
September 26-28,2002 
Organizers: Yasumichi Aoki, Anthony Baltz, Michael Creutz, Miklos Gyulassy, 
Shigemi Ohta 

RHIC Spin Collaboration Meetings XII, XI11 (BNL-)* 
September 16,2002 and October 22,2002 
Organizer: Brendan Fox 



Other RBRC Scientific Articles Proceedings Volumes: 

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

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

Volume 3 Scientific Presentations: 7tb Meeting of the Management 
Steering Committee of the RIKEN BNL Collaboration, 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: Meeting of The Management , 
. Steering Committee of The RIKEN BNL Collaboration, 

RIKEN, Wako, Japan, March 11-12,2002 

Volume 6 BNLMKEN RHIC Spin Physics Symposium 
N K E N  BNL Research Center Fifth Anniversary 
Celebration, April 30,2002 
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Spin Physics - Tuesdays Organized by Y. Goto 
(Theory C E  f i P )  (1O:OO a.m.) W. Vogelsang 

A. Deshpande 

Nuclear Physics Tuesdays Organized jointly 
with BNL Staff (1 1 :00 a.m.) 

High Energy-RIKEN Theory . Wedriesdays Organized jointly with 
(1 :3 0 p.m.) 

QCD and RHIC Physics Thursdays Organized by C. Dawson 

BNL Theorists 

(Theory r 3  EXP) (12:310 p.m.) ' 

High Energy Theory Fridtiys Organized by S .  Dawson 
Lunch Talks (12:010 Noon) 

Nuclear Physics-NKEN Theory Fridtiys Organized jointly with 
(2:OO p.m.) BNL Staff 

3-9 

Weekky Seminars 
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Raimond Snellings 
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Conversion of particle signals to volume 
measurements (Hanbury-Brown/Twiss) 

f/cc*'n4 f, = 7: CY-j+'+ 

+ 

0- 4 r2 - -  

+ +  
t i  -= I + cos q = r . (varies from 1 to 2) 

& 
-+ -+ q = k, - "k2 

3 + -+ 
r = . r l  - r2 

Here, 'JT; can be any bosonic channel. 

For fermionic channel: 

3 3  
IArnp12 K 1 - cos q r 
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PHENIX and STAR at RHIC 
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Physics Topics 

1. CP Violatioil 
2. Nucleon structure/spin 
3. ~ U a L - K - g l U U l l  pldblllil 

n _ _ _ _ -  1- -1 __-__ ,I,,,,,, 

Personnel 
2 Fellows (RBRC) 

4 Postdocs (RBRC) 

1 Faculty visitor (RBRC) 

20 physicists (RBRC-BNL-Columbia) 



. .  . . .. 

RIKEN BNL 9 Columbia 
Quantum Chromodynamics (QCD) Project 

Quantum Chromodynamics (QCD) Project 
Total Peak Speed: I 100.8 Gflops 

Given the enormous computational demands of quantum field 
theory and the easily parallelized nature of this problem, it is 
natural to design and build massively parallel machines whose 
design is optimized for this type of calculation. 

The QCDSP (Quantum Chromodynamics on Dig&al Signal Processors) 
computers designed at Columbia are such machines. 

RlKEN BNL Research Center Columbia University Center 

Awarded 1998 
Gordon Bell Prize for 

Price PerlcQrmance! 
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Supercomputer Peak Performance 
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RBRC Experimental Group 

Nicholas P. Samios 
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T. D. Lee, ItBRC Director 
N. P. Samios, RBRC Deputy Director 

Hideto En’yo, RBItC Associate Director * * * *  
RBRC Research Scientists (2001 - 2002) 

Experimental Group 
Hideto En’yo, Group Leader 

Gerry Bunce, Deputy Group Leader 

Research Associates 
(Post Docs) 
Kaneta, M. 

Fellows 
B azilevsky, A. 
Deshpande, A. 
Fox, B. 
Messer, F. 

Tenure Track/RHIC FeIlow 
Fields, D. (UNM) 
Grosse-Perdekamp, M. (UIUC) 

RIKEN Spin Program 
(RSP) Researchers 
Goto, Y. 
Ichihara, T. 
Taketani, A. 
Watanab e , Y. 

RIKEN Spin Program 
(RSP) Research Associates 
Kobayashi, H. 
Yokkaichi, S. 

RIKEN Spin Prograd 
Visiting - Scientists 
Kurita, K. 
Lange, J. S. 
Ogawa, A. 
Saito, N. 

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

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

AGS 

RHlC 

Partial Snake 
Room Temperature Solenoid 
Operational for several years 
-50% polarization (-30% Run I) 

New Partial Snake 
Superconducting helical dipole - 70% polarization 
Design Completed 

Siberian Snakes (4) in tunnel Run I 
Spin Rotators (8) Run I I  

STAR 
PHENIX 
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Run I 

100 GeVx 100 GeV 
Transverse polarization 

Perform a nc e 
Sources > 70% polarization 

Several x lo1’  p pp 

AGS -30% polarization 

RHlC -80- 1 00% retention of 
polariization 

L = 1 .!5 x 1030/cm2/sec p* = 3 m 

Run II 100 GeV x 100 GeV (250 GeV x 250 GeV) 
Longitudinal Polarization -50% 
L > 103l/cm2/sec 
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Special Spin Collaboration Meetings 

B. Fox (Organizer) 

goals 3 Physics 

Accelerator 

Theory 

Meetings and Proceedings 

February 22,2002 

April 12,2002 
May 22,. 2002 

June 17,2002 
July 29,2002 

September 

October 22,2002 

Volume 39 

Volume 44 

Volume 47 
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RBRC Experimental Group Publications 
December 2001 to November 2002 

1) J. Tojo et al., Measurement of analyzing power for proton carbon 
elastic scattering in the Coulomb-muclear interference region with a 
22-GeVk polarized proton beam, Phys. Rev. Lett. 89, 052302 (2002) 
[arXiv: hep-ex/0206057]. 

2) K. Adcox et al. [PHENIX Collaboration], Measurement of the 
Lambda and anti-Lambda particles in Au + Au collisions at 
s(NN)**(1/2) = 130-GeV, Phys. Rev. Lett. 89, 092302 (2002) 
[arXiv:nucl-ex/O204007]. 

3) K. Adcox et al. [PHENIX Collaboration], Event-by-event 
fluctuations in mean p(T) and mean e(T) in s(NN)**(l/2) = 130-GeV 
Au + Au collisions, Phys. Rev. C 66, 024901 (2002) 
[arXiv: nucl-ex/0203015]. 

4) K. Adcox et al. [PHENIX Collaboration], Net charge fluctuations in 
Au + Au interactions at s(NN)**(l/2) = 130-GeV, 
Phys. Rev. Lett. 89, 082301 (2002) [arXiv:nucl-ex/0203014]. 

5) N. Saito, Spin Physics Prograrn At RHIC: The First Polarized- 
Proton Collider, Nucl. Phys. Proc. Suppl. 105, 47 (2002). 

6) M. Grosse Perdekamp, Future Transversity Measurements: 
Experimental Aspects, Nucl. Phys. Proc. Suppl. 105, 71 (2002). 

7) K. Kurita, Proton Carbon Cni Polarimeter For RHIC, 
Nucl. Phys. Proc. Suppl. 105, 164 (2002). 

8) A.L. Deshpande, The Eic Project: Physics Prospects And Present 
Status, Nucl. Phys. Proc. Suppl. 105, 178 (2002). 

9) K. Adcox et al. [PHENIX Collaboration], Measurement of single 
electrons and implications for charm production in Au + Au collisions 
at s(NN)**(1/2) = 130-GeV, Phys. Rev. Lett. 88, 192303 (2002) 
[arXiv: nucl-ex/O202002]. 

10) J.T. Mitchell et al. [PHENIX Collaboration], Event reconstruction 
in the PHENIX central arm spectrameters, Nucl. Instrum. Meth. A 
482,491 (2002) [arXiv:nucl-ex/OZC)1013]. 
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Baryogenesis iand Dark Matter 

Alexander Kusenko 
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A ~ X C I I I  d er I< iiscii ko (RII<EN/UCLA) RIKEN BNL, Nov 21, 2002 

Baryogenesis and dark matter I 

0 Roadmap of baryogenesis 

0 EW baryogenesis a t  preheating 

0 AfFleck - Dine baryogenesis and non-topological solitons 
v1 
W 

I 
I 

0 Baryogenesis and dark matter: 
Can we understand why nmatt,,/0dark N 0.1? 
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Alexailder I<riscnko (R,II<EN/UCLA) RIKEN BNL,  Nov 21, 2002 

Conditions for baryogenesis I 

requires [Sakharov '67; Kuzmin. '701: 

violation 

jt of ther I - -:l:l-.-! i i a  I eq u I I I Drl U m 

N. B. In 1967 the only argument in favor of B violation was ... 
am bitions 

theoretical 

All three conditions are satisfied in the Standard Model (to some extent) 
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1 Inflation I 

Standard cosmology has problems: 

0 horizon problem 

0 flatness problem Ll 
rD 

IEII<EN BNL, Nov 21, 2002 

0 unwanted relics 

Inflation, a period of rapid expansion of the universe, solves these 
problems and explains the density perturbations in CMBR 
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:xan d er :uscnko 

H special kind 
1 

RIKEN BNL, Nov 21, 2002 

Reheating I 
4 

of reheating, characterized by a resonant amplification of 
the field motions on superhorizon scales, is dubbed preheating . 

All matter is produced during reheating. Universe out of equilibrium! 

An opportune time for baryogenesis! 
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[ Parametric resonance: 

Equation of motion for the Higgs has growing solutions: 

2 2  4 k  + [k2 - M 2  + 3A((b2) + g 0 ( t ) ] + k  = 0 

Energy flow: lnflaton + Higgs -+ W,Z, ... sphalerons? 

,.4 T 4  t T  .cC,,, ALA I,. -.--.-I_ 
L 3 L l l l l d L t : .  r s p h  E#-+:--+*. 

U W l e f f  [ 1 e ff i r w i  L I I ~  iuw-eriergy riiociesj 
Q\ 
ul 

This estimate agrees with numerical simulations in 1+1 dimensions 

G a rc i’a- Be I I id 0,  G rigor i ev , 

AK, S ha posh n i kov 

P hys. Rev. D60: 123504,1999 



.RII<EN BNL, Nov 21, 2002 

0.6 

0.5 

0.4 

,-% 0.3 
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0 

Numerical analyses I 

0 500 1000 1500 2000 2500 3000 

time 

20 

10 

0 

-10 

-20 

-30 

-4 0 

-50 
0 500 1000 1500 2000 2500 3000 

time 

U(1)  gauge field A ,  plus Higgs filed +. C,CP violation introduced by term rc, +*$I E,~F’ -Y  
In 1+1, the analogue of anomaly is @,jg = -e 4n  6 PV Fp”, where j g  = $rp$ 
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AI exan cl cr Kuscn ko (R,IKEN/ UCLfl1) RIKEN E”, Nov 21, 2002 
__-- - -___- . 

(Spontaneous baryogenesis at  preheating 
- - - . - . - 

[Corn wa I I, G rigoriev, A K] . 

B violation much faster than thermalization ‘+- baryon number has time t o  
equilibrate t o  min of free energy 

The effective chemical potential ,uB is proportional t o  4, and the equilibrium 
value of baryon asymmetry is 

4 
0 

where t ,  is the time of reheating and t ,  is the  Hubble time a t  t he  
electroweak scale 
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Alexanclcr Kuscnko (RII<EN/UCLA) 
1 

1 I Leptogenesis 1’ 

Electroweak sphalerons erase any primordial (B + L )  

R.II<EN DNL, Nov 21, 2002 

However, if high-scale physics produced some non-zero (B - L ) ,  
electroweak sphalerons could redistribute the asymmetry 
bet:.,leen 2nd 6; [FuC;c;gita,yarsagiclal 

Example: decay of a heavy right-handed neutrino 
( L  is not conserved) 

CP violation in the neutrino mass matrix? 



Affleck- Dine baryogenesis I 

a t  the end of inflation 
a scalar 13-condensate 
develops a large VEV 

A 

0 

4 = p(t)eiwt B # 0 
CP violation is due to time-dependent background.’ 
Seeds - from high-scale physics. 



1 Fragmentation of the Affleck-Dine condensate 1 

[AK, Shaposhni kov; Enqvist, McDonald] 
small inhomogeneities can grow 

unstable modes: 

+ Lumps of baryon condensate 

NTS 
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Alexander ICuscnko (RIICEN/UCLA) R,II<EN BNL, Nov 21, 2002 

Fragmentation of AfFleck-Dine condensate can produce NTS I 
--_ SUSY NTS mav be stable or unstable 

[AK, Shaposhnikov] 

.ryon 

J 

if stable =+ dark matter 

Affleck-Dine condensate 

.s baryonic NTS 
/ \  

unstable stable 

I One can relate OB and ODARK 

dark matter 



1 Conclusions -1 
RII<EN DNL, Nov 21, 2002 

0 One can make baryons with just 

- the Standard Model 
- plus the second Higgs and CP violation [T.D. Lee] 
- plus an inflaton coupled to the Higgs sector 4 rD 

0 Alternatively, in the  Affleck - Dine scenario, both matter and dark 
matter form in the same process. Therefore, one can try to  explain why 
%natter/ndark 0.1. 



Analysis of 'Heavy-Ion Collisions at 'RHIC 
with the Parton Cascade Model 

Stefferi A. Bass 
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Analysis of Heavy-Ion Collisions at  RHIC 1 
with the Parton Cascade Model 

00 
W 

Steffen A. Bass, Berndt Mueller, 
Dinesh K. Srivastava 

Duke University 

VECC Calcutta 
RIKEN. BNL Research Center 

Motivation 
The PCM: Fundamentals & Implementation 
Tests: comparison to pQCD minijet calculations 
Application: Reaction Dynamics @ RHIC 

0 Outlook & Plans for the Future 

Bass, Mueller, Srivastava RHIC Physics with the Parton Cascade Model #l 



Transport Theory at  RHIC 1 
QGP and hadronic phase 

initial state hydrodynamic expansion and freeze-out 
0 

!? 

0 * 

09 

hadronization .b pre-equili brium 

Bass, Mueller, Srivastava RHIC Physics with the Parton Cascade Model #2 



Basic Principles of the PCM I 
Goal: provide a microscopic space-time description of 
relativistic heavy-ion collisions based on perturbative QCD 

i 

degrees of freedom: quarks and gluons 
classical trajectories in phase space (with relativistic kinematics) 
initial state constructed from experimentally measured nucleon 

structure functions and elastic form factors 
an interaction takes place if at  the time of closest approach dmjn of two 

ww-rr-r 
I \  

partons I- J- 
li- 

system evolves through a sequence of binary (2-2) elastic and 
inelastic scatterings of partons and initial and final state radiations within 
a leading-logarithmic approximation (2-N) 

binary cross sections are calculated in leading order pQCD with either 
a momentum cut-off or Debye screening to regularize I R  behaviour 
e guiding scales: initialization scale Qo, pT cut-off po / Debye-mass -D 

Bass, M ueller, Srivastava RHIC Physics with the Parton Cascade Model #3 
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L Choice of pT minm Screening Mass as Indicator 

2.0 1.8 I 
5 1.6 

8 1.4 
n 

1.2 
v) 
v) E 1.0 

VNI/BMS 

e 

( hdn)2=0.5 GeV2 
0 (pr"'"f-1.0 GeV2 

( hmlnf=2.0 GeV2 

m l 2  
R Q2=h 7 

a 
R 

0.0 Om* 0.0 1 0.1 0.2 0.3 0.4 0.5 

7 (fink) 

1.4 

g 1.2 

QL 
p 1.0 
Y 
v) 2 0.8 
E 

0.2 

.screening mass -D is calculated in one-loop approximation 

.time-evolution of -D reflects dynamics of collision: varies by factor of 2! 

>lower boundary for pTmin : approx. 0.8 GeV 

. @model self-consistency demands pTmin> -D . 
Bass, Mueller, Srivastava RHIC Physics with the Parton Cascade Model #8 



i Time Evolution of Energy Density 

energy-density at  ycM is caculated from: 

Id 

6 

4% 
s 2  

I-' € 10' 

g 
' C I S  

loo 

8 

m rn 
4 

e .  
+ 

a .  + 
! j  

Au+Au; Em=2M) AGeV 
. . r------ ----- 

. -. . .. .. ..... I ., .... 

2 6 loo P 6 

dfm/c) .r(hnlc) 

maximum energy density scaling indicative for transition from 
4 0 0  GeV/fm3 I D  longitudinal to 3D expansion 
Bass, Mueller, Srivastava RHIC Physics with the Parton Cascade Model #9 



lo8 

g Id 

s & 10' 

z! 
2'" P 

1 0.' 

loQ 

Multiple Scattering and Radiation I 
Au+Au; EcM=200 AGeV 

I'  " 1 -  ' . "._ 

o c , = l ~ o s V  

Xabw om 
1 2  3 4 5 6 7 8 9 10 

h0 = 1.0 oev 
, ... . 

Pt 

.multiple scattering broadens 
momentum distribution at 
intermediate pt 

10' 

1 o* 

5 loz  
& 
d: 10' s 
g loo 

0 

7J 

F 

10'' 

lou 

a 

Au+Au; EcMz200 AGeV 

W 
* .  

a!Oa1.0Gev 
pp I 1.0 Qsv 

full VNUBMS 

mtm 

0.001 
A _ - _ - . - I - - -  -I - I - 1 1 ---. *... . 
1 2 a 4 6 ? 0 

Pt (G44  
adiation enhances low pt 

domain and leads to suppression 
a t  high pt 
>Jet Quenching at  pt > 5 GeV? 

Bass, Mueller, Srivastava RHIC Physics with the Parton Cascade Model #10 



io4 

Id 

4- 5 

6: lo1 

~ s i 0 0  

1 0-1 

loQ 

8 
s 
P 

Thermalization? 1 
Au+Au; ECM=200 AGeV 

,.. __... 
a VNVBMS - 0-1 elkonal - T42OMsV 

-...... .-L .. & . . . -  1 .- _. . ..L h _'__ . 6 ..... 1 ! 

1 2 5 4 8 8 7 8 9  
Pt W V )  

.spectrum exhibits thermal 
behaviour for pt < 4 GeV 
.thermalization due to radiation 
and rescattering? 

Bass, Mueller, Srivastava 

, I , ,  I , , ,  I l l ,  , I t ,  ' Au+Au; &=ZOO ACeb 
I , , ,  

Phase Transjtion. T,=180 Me\ 
T,=446 MeV, -r0=0.147 fm/c 

- -QM 

S r iva s tava 
1111(11 

10 0 1 
I I t , ,  

2 3 4 5 

PT (GeV/c) 

a i  nitial tem pera ture estimated 
from measured dN/dy and 
Bjorken's formula: 446 MeV 

RHIC Physics with the Parton Cascade Model #I1 



Parton Rescattering: cut-off Dependence I 
* - I  . - .  

mln 2 
Q:=(PT 1 

rn (pr"'")*=OS GeV2 . 
e ( h"'n)2=l .O G e v  + ( mdn)2=2 .O Gel? 

io3  

0 g I O 2  
v 

0 c 
P 

I O 0  

I O "  

I o3 

I o2 

i 
ioo 

. I O "  

I o-2 

Au+AU; E ~ M = ~ O O  AGeV 

I .  rnh 2 
' e 9  8 Qo2=(m ) 

0 
8 

a 
m 0 

+ 
8 

+ 
0 

0 

* 
? 

t 
f 

VNUBMS 

(p~"'"f=0.5 GeV2 
% (pf"",'=l .O GeV2 + (pr""f=2.0 Ge$ 

a ai I partons 
m 

a 
rn 

rn 
8 

e 
e 

0 

9 

i 
i '  
i 

0.0 0.5 1.0 i.5 2.0 2.5 3.0 3.5 0 2 4 6 8 10 12 14 
r (rink) ncoll 

duration of perturbative (re)scattering phase: approx. 2-3 fm/c 
decrease in pt cut-off strongly enhances parton rescattering 

0 are time-scales and collision rates sufficient for thermalization? 
Bass, Mueller, Srivastava RHIC Physics with the Parton Cascade Model #12 



Photon Production in the PCM I 
Au+Au; b = 2 0 0  AGeV 

>photon yield very sensitive to 
parton-parton rescattering 

photon yield scales with Npart4/3 

> photon yield directly proportional 

Bass, Mueller, Srivastava 
to the # of hard collisions 

RHIC Physics with the Parton Cascade Model #I3 



L Future Directions ... 

study of medium modification of QCD processes 

rD Q\ 
0 studying the transition of a shattered Colour Glass to a QGP 

study of propagation & recombination of heavy quarks 
0 investigating models of hadronization 

dovetailing to hydrodynamics & hadronic cascades 

0 suggestions and collaborative endeavours on 
these and related issues are most welcome! 

Bass, Mueller, Srivastava RHIC Physics with the Parton Cascade Model #14 



Numerical Gluodynaimics for AA Collisions at 
RHIC: An Update 

Raju Venugopalan 

97 



Raju Vertugspalan 

Physics Dept. & F?IKtN-BNL Center 
Brookhaven Ma1:ional Laboratory 
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Colored Glass Condensate 

What is a C G C ? 

QCD a t  high energy (small z b j )  

- Large number of gluons 

n tu a 20 
a 

X 

CT 
X 

W 

15 

10 

5 

0 



Colored Glass Condensate 

What is a C G C ? 

Gluon field strength is large FP* - l /g  

e T i m e  scales of hard and soft gluons are very 
different ( fast  vs. slow) 

Hadron/nucleus a t  high energy is a 

colored g1as.s condensate 

101 



The Color Glass Condensate 

dN 
k-t dy dA2k-t 

I 
I 

0 Gluons have typical momentum of order Qs 

Large occupation number - l/as 
Gluons are r ( : ~ k m c i  

T i m e  scales are similar to a glass 

They form a condensate 

Hadron/nucleus a t  high energy is a 
cc) I c m d  glass condensate 

102 



Melting the Color Glass Condensate 

High energy heavy ion collisions 

Initial conditions 

0 Melting C G C into quark gluon plasma 

H ad ron iza t io n , freeze-out 

XA+ 

-3- Z 



Melting the Color Glass Condensate 

Classical equations of motion 

Two sources of color charge p1, p2 

0 Can be numerically solved on a lattice 

Can be analytically solved in the weak field 
* limit 

t 
A 

X"+ 
I 

I 

0 Initial energy density, number density, etc. 

104 
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Discretize on a 2d 

1 -  

attice 

and solve (numerically) the resulting equations of motion for z& > 0. 

interested in soft modes --+ use classical approximation. 
P 
g 

Just as in the continuum 

0 Average over the static color charge 

0 Determine initial conditions by matching 

i 

CNS/RIKEN, November 2002 



.......--- ~ ...... - -.-. _...*- I 

Relation t o  continuum physics 

Dimensional quantities in the classical lattice theory: 

0 .I.. 

I ; .  the nuclear radius 

o 1 ,  t he  color neutrality scale ( a  recent development!) 

0 ( 1 .  the la t t i ce  cutoff 

- 
Hierarchy of scales (ideal): 1 , h  - - >  -V I / /  >> l / R  

In the units of ( I ,  in the continuum limit A, -+ 0, R --+ 3c, but AaR is constant. 

For any well-defined P of dimension d 

I ’  --- ) ‘ ‘1 , ) (A8R).  

where f , B (  ,Iaq I t )  contains all the non-trivial physical information. 

RHIC - A.q z 1 . 4  GeV e LHC - A,, z 2 .2  GeV 

CNS/RIKEN, November 2002 



Physics so far 

0.6E 

1 I I 

0.1 0 3  0.3 0.4 0.5 0.6 
AJa 

I Transverse energy 

Proper time dependence: 

€7- = a + PeXp( -77) 

(lEe&lq/nR2 = CL is the energy density, TD = 
l / q / A n  is the "formation time" of the glue (- Q.3 
fm for RHlC and - 0.13 fm for LHC). 
In summary, the energy density at 7-u 

0.17 
E =  - n A! 

~~ 

CNS/RIKEN, November 2002 



Om07 
ASRz83.7 0 Su3 

su2 
-fit 

1 GI uon m ul tip1 icity 1 
The SU(3) gluon momentum distribution can be 
fitted by the following function, 

n ( k T )  = .fn/(N; - 1) 

where , f n ( k ~ / A 8 )  is 
"0 0 2  0.4 0.6 0.8 1 

kdA, 

10" 

10" 

10" 

SU3:AsR=25 

SU3: A,R-=83.7 

' 

SU2:AsR=25 

0 2 4 6 8 10 12 14 16 18 20 
k+s 

f n  = 

with a1 
and a2 

= 0.0295, m = 0.06?A8, Teff 
= 0.0343. 

__ 

CNS/RIKEN, November 2002 



w Impose neutrality w.r.t. color charge and color 
dipole moment of each nucleon. 
In a nucleon, begin with 

Nucleus \ / 
color-neutral 
nucleon 

b 4  (p"(F)p ( r  )) = h:6"bt5(r'- .') 

and remove the total color carge and dipole mc 
by subtracting uniform distributions. 
Nucleons uniformly distributed within a spherica 
nucleus: 

CNS/RIKEN, November 2002 



n 1 
m 

I 

I o - ~  
f 

111 



1 o2 

10 

1 

1 0-1 

color neutral I 
= color neutral I 1  

i n” 1 n / A  

112 



2 g- - - 
1.8I- 
1.6,- 

- - 
- 

- 
- 

1 . 4 ~  

1 

Om8 
- - A A,(O)=1.18 scaled by 7/8 
- 0 h,(0)=1.95 scaled by 1/4 

- PHENIX (130) 

'm2:f 
- 

Om6 - 
Om4 Z- 

P I I I I I I I I I I I I I 

50 100 150 2!00 250 300 350 400 
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I I I I # I I I I I I I I 

'io 100 150 200 250 300 3595 400 
part 

114 



I Elliptic flow a t  early times? C 

Elliptic flow parameter 212 is defined by the second Fourier coefficient: 

v2 = (cos(24)) = ( P, - P ,  ') 
PZ 3- P; 

1. Spatial anisotropy is maxima, a t  early times. How long does it take to transform it into 
momentum-space anisotropy! 

I 2. How much elliptic flow is produced before thermalization? 

Goal: compute elliptic flow of gluons from the CGC 

CNS/RIKEN, November 2002 



1 
I Defining v 2  for (classical) fields 1 I . 

Requires a definition of the gluon number + resort again to the cooling and the Coulombgauge 
def i n it ions. 

Cool i ng: 

where 

t: ‘a J 

The two contributions correspond to different polarizations and a priori need not be equal. 

-+ requires cooling of conjugate momenta, not just fields. 

Cooling eqns for pi follow from requiring that i3,+ = { I-I, (1 , )  at all cooling times. 

Then, schematically, 

CNS/RIKEN, November 2002 



I- 

4 t  

2 F 

9 Cooling (2Pot.) 
A Coolinn (Kin.+Pot.) 

I v \  I 

1 1 CG (correction) 

CNS/RIKEN, November 2002 



-8 - 8 CG v.s.Caoling 
-7- c y -  

6 ' O l l  ' 012 ' O B  ' 014 ' 015 ' 0:s ' 017 ' 0:8' ( 

1 Centrality dependence of v2 

0 Undershoot, but account for a significant 
fraction of the data. 

0 Little dependence on h,R 
9 

e This is a true 1 9 ,  not 
(('OS [2(991 - ( p . L ) ] ) I / ' L ;  

the latter is significantly higher (in progre! 

CNS/RIKEN, November 2002 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0 0.2 0.4 0.8 0.8 1 1.2 1.4 1.6 1.8 2 

Dominated by very soft momenta: 
helps explain the slow 
cooling + CG convergence 

CNS/RIKEN, November 2002 
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Colored Glass Condensate 

Applications of C G C : AA a t  RHIC 

a Solve classical equations of motion on the 
lattice 

Initial energy density 

10’ 

E 

(GeVIFm 3, 

loo 

- .  . I 

l b  ’ 10 ’ lo-’ t(Fm/c) 
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Instantons at Large N, 

Thomas; Schaefer 



125 



QCD at large hTc 

0 QCD (rn = 0) is a parmater free theory 

Very beautiful But: No expansion parameter 

0 't Hooft: Consider .7\ic + 00 and use l/-hTC as a small parameter 

+ 00 * classical master field 

keep AQCD fixed 

I- II 
0 b 

0 b 

0 Could the master field be a multi-instanton configuration? 

1 
d n  N exp(-T) - exp(-IcT,) 

9 
LVitten (1979) : No 

126 



U(I)-A anomaly at large A$ 

consider 8 term 

0 no 8 dependence in perturbation theory. 

0 massless quarks: toplogical charge screening 

0 How can that happen? Fermion loops are suppressed! 

t‘ 3 

127 



Instantons at large N, 
~~ ~ ~ 

0 semi-classical ensemble of instantons at large N, 

color 

space 

c 

coordinate space 

0 instantons are semi-classical 

p 2: p* = O( 1) .;-.. , ,  i.. =x :',>; .-:.,'-i.'? 

density d n  - exp(-Sin,,t) = O(exp(-NJ)? 

. -.. . NO! ,large entropy  / : : ; j  't .. : . i x ' : i i  ! i . ,.,. .1 i <. ; . 

topological susceptibility xtoP N ( X / V )  = 0 (A$)? 



Instantons ensemble 

instanton ensemble 

0.466 exp(-1.679NC) '8T' 11 
9.20 3 ( N ,  - l)!(n'L: - a) !  = - b log( PA), b = - A T c  cjyc = 

0 complicated ensemble; size distribution 

total density determined by interactions 

S(1- body) - S(2 - body)  

N 

conclude 

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

129 



0 instanton size distribution 

h 

v 
Q 
S 

5 . 0 ~ 1 0 ~  

0.0 

* instanton density, quark condensate, topological susceptibility 

I I I I 

A 
0- 
IU- 

V 

t 1 
I I I I 

0.2 0.3 
0 
0.1 

1 /Nc 

130 



0 meson correlation functions ( T ,  p, 71') 

0.1 

I \ \ $  

0.2 0.4 0.6 0. s 1 1.2 
x [/ \-I]  

0.8 

0.6 

c 
N 5 0.4 
N 

F - 

0.2 

0 

................... a- 

..... 

... 
'.. '.._ .'-.m.. 

..... 

....... 

...h 

... 

........ 

-r 
..... m .................... E .............. - L 

j mq. 

I 

_- 
I - 

........ ................ m.. a.. ............... 

3 4 5 
Nc 

6 

P31 



Summary 

0 instanton liquid can have a smooth large Nc limit 

0 how can we check this? 

chirality distribution SU(2) projected 

L ,, x R ' L  x .  R 

0 can we identify the instanton contribution t o  the 7' mass by its scaling 
behavior (Witten: l/.!Wc vs exp( -&))? 
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Applications of Perturbative 
QCD in Hadironic Collisions 

Werner Vogelsang 

133 



0 Theory calculations for physics with POLARized  B E A m s  a t  RHIC 

work in collab. with M. Stratmann, B. Jager. A. Schafer. J. SofFer 

+ discuss one example today 

0 Studies in soft-gluon resummations (electroweak bosons, Higgs, . . . ) 
work in collab. with A. Kulesza: G .  Sterman 

RHIC-Spin - a new laboratory for studying nucleon structure 

Recurring main theme of spin physics a t  RHIC : 

0 probe nucleon constituents with weakly interacting quanta of 
asymptotic freedom regime e.-+. pQCD hard scattering 

0 a t  the same t ime : test (and learn about) QCD spin interactions 

Many applications. Prominent example : 

0 Polarization of gluons in the nucleon : 

2 - 2  
P, t 

lx Ag(z) = =+@\x - 

135 



Factorized cross sections : 

consider pions with high-yl- : + hard scale 

I I2 I 
I P  

~ 

I 

P 

+ O(;)* 

Already in coming run : @F-+ #X 

I 
136 



0 partonic hard-scattering can be treated perturbatively : 

e = +  ^ O  + asel + ... v 
LO NLO 

0 lowest order : good for qualitative descriptions 
“catches the most important effects” 

0 however, precise predictions afford higher-order (NLO) calculations : 

a may be sizeable, in particular in polarized case 

- reduction in scale dependence 

# 0 in truncated perturbation theory 

NLO pQCD hard scattering worlks well at colliders ! 

Example : High-pT jets a t  the Tevatron : 

10 

0.1 

I 0.001 

0 . m 1  

- sometimes, theory description becomes realistic only at  NLO (jets !) 

I 
I .  

100 200 300 400 4 

PT [Gevl 

100 t 

CDF jet  
1 

g 
2 0.01 

2. 
L a  

F- 
0. 

rn 

O.ooO1 

1. x 10-6 

1 

137 

100 200 300 400 
m [GeVl 



c u i  E 

h 

*20 
w -10 
d o -  

2 

AND : 

- 
4 

- pT dependent systematic error 

p p  -+ 7roX by 
PHENIX 

(2~30% normalization unc.) 

o PHENIX 200GeV p+p xo+X 
PRELIMINARY 

- NLOpQCD 
F. Avers etal. NPB327(1989)105 
CTEQLM pdf/PKK frag 
Scales: p=pT/2, PT’ 2pT 

NLO QCD corrections to AtL 

J age r , Sc h a fer, S t  ra t m a n n , WV 

X’ \’ 

P 

at  O(a:) one has: 

all LO 2 + 2 I’ parton-parton scattering processes 

unpol.: 4 processes qq/ + qq/ ,  44 + 44, qq + .9.91 gg + 9.9 

all  other processes related by crossing 

138 



a t  c3(ct:) one has 

(I) I - loop (virtua ) corrections to all LO processes 

‘box’ ‘\/e rt ex ’ ‘se I fe n e rgy ’ 

(2) all 2 -+ 3 7 parton-parton scattering processes 

44/ + 44/91 qa + 9.991 9.9 + .9.9.577 etc- 

important check: unpolarized matrix elements in Ellis, Sexton 

a I I contributions individua ly singular + choose d = 4 - 26 dimensions 

technical details ( I )  - 1-loop virtual corrections: 

O(a2): only interference of 1-loop and Born amplitudes contributes: 

can extensively make use of  available results : 

(1) renormalized propagators and vertices 

y T- UV-divergent + tabulated in Nowak, Praszalowicz. Slominski 

IT UV-finite + calculate from scratch 

(2) one-loop renormalized helicity amplitudes Kunszt, Signer, Trocsanyi 

some ‘gymnastics’ required to obtain desired results 

J results for methods (1) and (2) fully agree 
139 



technical details (11) - 2 + 3 contributions: 

some typical NLO 2 -+ 3 Feynman diagrams: 

I 
different flavors ; 

vc 
h 

identical flavors 

aa + .9.9.9 
.9.9 + .9.9.9 

99 ++ a . 9  
49 + Y.99 

technical details (I I I) - cancellation of divergencies: 

U V 1 /t-singularities 

removed by renormalization of a, renormalization scale p r  

IR singularities (1 /E', I / E )  

cancel in sum of 1-loop and 2 + 3 contributions 

collinear 1 1 z-singularities 

removed by factorization factorization scale p.f 

140 



final results (I) - S(Q:) parton-lparton processes: 

16 different inclusive cross sections contribute: 

q + ..x- q.c/ 

+ -x- 
y + x 
9 + s 
y‘ + x 
y + x 99 

g+x 

cr+x 
g + x 

-+ 

-+ 

-+ 

-+ 
-+ 
-+ 

-+ 

unpol. results all agree  with Aversa et al. 

q’ + -x 
$ + x 
y + A- 
q + x 
y + s 
g + x 
y + ..x 

final results (11) - importance of NLO corrections: 

dS = 200GeV 
IV 

108 

106 

104 

102 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

1 o - / P  

\ - - - _ - _ _ _ _ _ _  - - - - - - - _ _ _ _ _  - 
...... . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . .  P ~ ? / : A 8 ! .  . 

0.0 
0.0 2.5 5.0 7.5 10.0 :12.5 15.0 

PT (GeV) 

pdfs: CTEQ 5M (unpol.), 

GRSV std.  (pol.) 

frag. fcts: Kniehl et al. 
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final results (111) - AEL in NLO: 

in coming run ! J fi = 200GeV 

good sensitivity to A.9 even with C = 7/pb ! 

final results (IV) - scale dependence: 
1061 " ' ' , ' ' I "  

104 - 

102 - 

100 - 

I .  I , . . I  . . ' . . . . I . . .  

0.0 2.5 5.0 7.5 10.0 12.5 15.0 

PT (GeV) 

variation of scales: pi = 11,. = p ~ .  . . 31q- 

U 

NLO results much more reliable 
142 



Investigation of Nuclear Matter 
In Extreme Conditions 

Sangyong Jeon 

143 



Investigation of Matter 
n /u q . .  . in Extreme Londitions 

Event-by-Event Fluctuation 

e 7’ as a gluon probe 

0 Energy loss of high p~ pions 

Sangyong Jeon, IRBRC & McGill 

145 



Event-by-event analysis 

An event 
ensemble 

A single system in the 

Event aver age 

Previous Works 
= Ensemble average 

T T T  -a 

* V.Koch and Jeon : Charge fluctuation 
as a signal of QGP 

* S.Pratt : Balance function width as a 
signal of QGP 

0 Relation? + Jeon and Pratt, 
Phys.Rev.C65:044902, 2002. 
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Balance Function and Charge Fluctuation 

Jeon and Pratt, Phys.Rev.C65:044902, 2002 

Charge fluctuation: Measures (+-) 
correlation globally. + Quantitative 
prediction of experimental result 

Balance function: Measures (+-) 
correlation locally. Qualitative 
prediction 

Relation: 

147 



The q’ Meson 

The 7’ meson contains large glue (Half of 
its mass comes from glues) a Can probe 
gluon structure 

0 Effective vertex 
[Atwood and Soni, PLB 405, 150 (1997)] 

with 230 E 1.8GeVV1 

e Simple Matrix Element: 

148 



p p :  Gluon ipolarization 

do++ - do+- AG(x+, Q 2 )  AG(x-, Q2) 

PA: Glu'on PDF 

q' Enhanceiment in AA 

1 o3 

1 o2 

10 

1 

lo-' 

lo-' 

1 o - ~  

1 o-c 

1 o - ~  

0 0.5 1 1.5 2 2.5 3 
PT (GeV) 

1.49 



Lnerm Loss 

(with J. Jalilian-Marian, 1.Sarcevic) 

3 4 5 6 7 8 9 10 11 12 
PT ( G W  

L 

0 

0 

0 

’ 

[Ratio of AA and PP cross-section at RHIC.] 

Recent PHENIX data is best explained 
with fractional energy loss, -dE/dx o( E 
(Bethe-Heitler) 

LPM effect, -dE/dz K .\/E, is not visible 
in the data. 

Why? 

150 



, 0 ut lo ok 

More fluctuation studies to come : How to  
beat b fluctuation,, ... 

More q’ studies to1 come : Higher order 
QCD correction, c:oherent production, .. . 

More energy loss studies to come : LPM 
effect in QGP, ... 

e In 

* 

* 
* 

the works: 

Vlasov equatioin description of 
thermalization of glue 

Glueballs from Color Glass Condensate 

... 
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Recent Progress in Nuclear 
Effective Field Theory 

Bira van Kolck 

1.53 



RBRC Review, Nov. 21-22, 2002 

Recent Progress in 
Nuclear Effective Field Theory 

Bira van Kolck 

University of Arizona 

RIKEN-BNL R:esearch Center 
and 

Q Goal and tool 

Q Previous developments 

0 Comptori scattering 

0 Parity violation 

0 Halo nuclei 

0 Outlook 

Supported in part by a DOE OJI Award and by a Sloan Fellowship 

" :L55 



Goal 

a QCD-based theory of nuclear matter in the hadronic phase 

Tool 

effective field theory for Q < MQCD 

- - 

most general dynamics with 

0 hadronic degrees of freedom (nucleons, pions, ...) 

0 symmetries of QCD (Lorentz, approximate chiral, ...) 

0 expansion in &/MQcD, 

156 



Previous developments 

0 A = 2,3: quantitative description of strong interactions 

N N  scattering t phase shifts 

deuteron t binding energy, form factors, various reactions 

Nd scattering t phase shifts, break-up diff cross sections 

triton + binding energy 

0 A = 4: in progress 

0 ... 

0 A -+ 03: finite T on the lattice 

toy model - proof of concept 

EFT interactions - in progress 

Recently reviewed in 
P. Bedaque and U. van Kolck, Ann. Rev. N d .  Part. Sei. 52 (2002) 339 

(nucl-thl'0203055) 



During last year: 

now a laboratory: 

-+ nucleon polarizabilities from Compton scattering 

+ weak interactions 

0 A =  5,6, ... 

new EFT for halo nuclei 

15 8 



Compton Scattering and Nucleon Polarizabilities 

Beane, Malheiro, McGovern, Phillips + v.K., '02 

I % # I  

- -  +I 
From fit to data, 

1.59 



Compton Scattering on Proton and Deuteron to  O(Q*) 
Beane, Malheirs, McGovern, Phillips + v.K., '02 

do 

20 
15 
10 
5 

'da  lab 

50 100 '  150 200 

= 1 07 O 

24. 

20. 

50 100 150 200 

I " ' ) " " '  

, 0 EY=49MeV 
- 
- 

!- 

s 
10 s201 a 

u 
OO 90 180 

0 0=66MeV 

I I4 / 
I t  

12 

50 100 150 200 

30! 35 1 &b=135' + t  

20 

1 0 1  -I 

OO L 90 180 

15 

10 
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Parity-Violating Nucl.ear Potential to O(p) 

Zhu, Maekawa, Holstein, Ramsey-Musolf + v.K., in prep 

1 

0 

h 
N 

‘2 -1 

2 
6 
v 

I 

0 
7 -2 
X 
> 
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-4 
0 100 200 300 400 500 600 700 800 

9 (MeV) 
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EFT for Halo Nuclei 

Bertulani, Hammer + v.K., '02 

+ + + . ._ 

E - EO - i r (E) /2  Jw + i y l  
SolN = - +...  

E - Eo + i r (E) /2  Jm - i y l  
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na Scattering at Low Energies 

Bertulani, Hammer + v.K., '02 

8 

6 
C .z 
b! 
9 4  

2 

0 

l " ' 1 " '  

- 

- 

----------- 

- 
0.0 2.0 4.0 

E, [MeV1 

0.5 

0 -- 
e,, [degrees] 

0.0 90.0 180.0 
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Outlook 

0 A = 4: strong interactions in leading orders 

0 A 5 5: reanalysis of parity-violating experiments 

0 A = 6 , .  . .: 6He as an ann bound state, other halos 

0 A -+ 00: strong interactions in leading orders (at T 2 0) 

(ie., still a lot do to!) 
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Fluctuations in Thermal QCD 

Mikhail Stephanov 

165 



Motivation: 

H.I.C. from SPS to RHICl - spectra and particle ratios 
- thermal. 

4 
Fin a1 state (freezeout) therrnody namic . 

4 
Q: What are the thermodynamic parameters: T and p ~ ?  
A: T - 120 - 170 MeV,  pa^ = 50 - 600 MeV (function 
of &). 

4 
Q: What are the thermodynamic properties (derivatives 
of thermodyn. functions) - susceptibilities, etc.? 

4 
F1 uct uations. 

Naively: 

Caveat: not all d.0.f. are nneasured. + More differen- 
tial quantities have to be calculated in thermo QCD to 
compare to exps. 
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Two -part i c 1 e c orre 1 at or : 

( AnpAnk) 

Example: AQ = qoAni. 
P.0 

Task: calculate (An,AnA-). 

Free gas (pions): 

Each mode p is independent: F = 

pN = p&nTl -+ Cpppnp. Then 
Introduce p p :  

and 

Intel-action'? .F # xPFP + correlations at p f k .  

168 



Inter-acting L gals 

F =  

o +  

+ 

+ 

+ 

169 



170 



Examples 

(T - exchange. Near crit:ical point rn, -+ 0. This dia- 
2 Gram dominates: 

- a. r3 = . i ~ +  or r . No charge dependence - no contrib. to 
((AQ)') = c,,3q 0 3  q ( A n p z ; ) .  

p" - e x d u n  c r e .  Charge dependence: 
(In;An;)[, - 

Negative contribution to ( ( AQ)') . 

17 1 



Lattice Calculation of the Lowest Order Hadronic 
Contribution to the Anomalous Magnetic Moment of 

the Muon 

Thomas Blum 
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L a t t  ce calculation of Ihadronic contribut on to 

the anomalous magnetic moment of the  muon 

Tom Blum 

RIKEN BNL IResearch Center 

Brookhaven National Laboratory 

Classical interaction of particle with static magnetic field 

The magnetic moment p is proportional to  i t ’s  spin 

The Land6 g-factor is predictled from the  Dirac eq. to be 

for elementary fermions 

T. Blum Lattice calculation of hadronic contribution to  muon. .. 175 



in the quantum theory this may change. At tree-level we have 

I 
and corrections start a t  O(a) .  

’ -+ q P ’ )  7 W P )  7 

? >- r‘ 

but radiative corrections modify this 

Form factors FI and F2 contain al l  information about muon’s 

interaction with the electromagnetic field-. In particular, i t ’s  .charge 

and magnetic moment. 

FI(0) = 1 is charge of the  muon in units of e. Since 

8’’ tree (0) = 1, al l  radiative corrections vanish (W-T identity). 

There is no FZ term a t  tree level. In general, 

Lattice calculation of hadronic contribution to muon ... 17 6 T. Blum 



Theory and Experiment status 
.. - " - . .. . . ~  _- . .__  , .. . .., : . . .._" . - ..- .- . . -... I... L -..<. -. .I ___, 

aQED = ~ C , ( ~ / T ) ~  (n = 1-5) 

C; = 1/2 (Schwinger term (1948) a/(27i-) = -00116 14 ...) 

aQED(total) 11 = 11 655 470.5i(O.29) x 10-lo 

P 
0 QED. 

Hadronic. 

0 Electrowea k. 

had(4thord.) = 692(6) x 10-l' 

ahiId(6th ord.) = -10.0(0.6) x 10-l' 

9 1  

P 

aihad(light - light) = S.fi(3.2) x 
E l  

aFd(totaI) = ~90.4(7) x  IO-^' 

aEw(totaI) = 15.1(0.4) x IO-'' 

Theory total: 

0 Experimental value (Muon (g-2) Collab., BNL 2002): 

aTheory(totaI) I-L = 11 659 177(i) x 10-l' 

0 2.6 0 discrepancy: 

T. Blum Lattice calculation of hadronic contribution to  muon ... 1.7 7 



Focus on the  lowest order in a hadronic contribution, 

the vacuum polarization. 

in the lattice regularization using domain wall fermions (DWF), 

current conservation is given by 

a v y x )  = 0 
where A, is the backward difference operator and 

J’”(z) = f ($(z + f i ,  S ) U + ( Z ) ( l J r  yq@(z,  s) - 73(Z: S ) U ( X ) ( l  - :!”)?,l:(. + f i :  s)) 

s 

For the two-point function this yields 

s 
1 -  
2 

+ 6(. - y - G)- ($(y + 27: S)U+(?J)(l - y”),&(y, s) -I- U;(y: s )U(y)( l  + y”)$(y + fi, 4) , 

which is valid on any gauge-field configuration. After subtracting 

s 

to cancel the contact terms, Fourier transformation of the two point functions yields the usual W-T Ident. 

4 ^ q - - y ( q 2 )  = 0 ( q p  = 2sin (n- n/L,), n = 0,. . . I L, - 1) 

Lattice calculation of hadronic contribution t o  muon.. . 178 T. Blum 





After subtraction O(u> eliminated and O(u2> errors reduced. 

0 

-2.5 

-5 

-1.5 

-10 

-12.5 

-15 

-17.5 

t 
1 2 3 4 5 

Points: DWF+DBW2 gauge action, l /a 2 GeV, mf = 0.04 

Solid curve: 3-loop perturbation theory ( M S ,  p = l / a  = 2 

Lattice calculation of hadronic contribution t o  muon... 180 T. Blum 
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Proton Decay Matrix Elements 

with Domaint-Wall Fermions 

Yasumichi Aoki for RBC collaboration 

RIKEN BNI, Research Center - 

Nov. 21, 2002 (Scientific Review Committee Meeting) 

Introduction 

Proton (nucleon) decay. 
- Prediction from GUT. Not observed yet. 

- Lifetime of proton: given a GUT, one needs to know the hadronic matrix element. 

- Some old calculations for the chiral Lagrangian parameter. 

- Direct calculation by Gavela et al (1988), JLQCD (2000): Wilson fermion, p = 6, 

perturbative renormalization. 

Interesting to work with DWF bt, >cause: 
- Small scaling violation to give reliable continuum extrapolation. 

- Good environment for NPR. 

- Eliminate mixing between operators which have different chirality. I 



Scaling property of DWF 

DBW2+DWF, Ls = 16 [RBC, hep-lat/0211023]. 

180 ;- 

O dDBW2. 
1.5 170 . WDBW2 

K o #ikon 
1 6 0 4 ,  Wi lson  

T 
? - 

1 4 :  
€ 4 ;  

. . 150 - I ; ; I  2 E 140 -. 5 
1.4 - 

2 - 
130" = 

i i  f1.3 . 

4! N 
2 

1.2 

i N/DBW2 120 - 
3Npf i l~on 

K/DBW2 110 ~ 

4 '  K' f 
1.1 - 

0 0.02 0.04 0.~drol~.08 0.1 0.12 0.14 0 0.02 0.04 0.06 9.08 0.1 0.12 0.14 

(a%) 

DBW2 gauge action: T. Takaishi, PRD54 (96) 1050; 
I? de Forcrand et ai., NPB 577 (00) 263. 

2 

Chiral Lagrangian parameter of Proton Decay 

@:? ,sijk(uiTCPRdj)PLuk, 
@e ,sijk(uiTCPLdj)PLuk. 

D+F = 1.27. 



Results of Chiral Lagrangian parameter of Proton Decay 

lala3 for m,=0.04 

0.01 

0.002 psrc 

0 
0 10 20 

t 
30 

Iala3=0.0046(10). 

0.012 

0.01 

0.008 
"a - 
tl 

0.006 

0.004 

0.002 

L 

_____ 

0 0.02 0.04 0.06 0.08 0.1 
ml 

lflla3=0.0056(1 1). 

4 

Proton Decay Matrix Element with Direct Method 

where 4 is the momentum transfer of p + no. We need to extract Wo, be- 
cause i&e = meve and me = 0. But Wo is always mixed with Wq, since we 
need to project + parity to drop the signal of parity partner of the proton, 

We can pick up Wq by 

-+ needs momentum injection for the three point fuvction. 

JLQCD, PRD 62 (00) 014506. 
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Ratio method for three and two point functions 

0 p=( 1 .O.O)X/Ei 
9 p=(l,l,O)d8 "'I" 

, , , 
5 10 15 20 25 

t 

6 

Results for Proton Decay Matrix Element 

0.2 

0.1 

P 0 

-0.1 

-0.2 

0 pa=(l.O.O)dB 
pa=(l,l,O)d8 

- fit (m,+O) 
t *fit (m,+O. q'-tO) 

o x PTca 

L I 
-0.3 -0.2 -0.1 0.0 0.1 

-(qa)' 

0.3 I 1 

0 pa=(l,O,O)d8 
pa=(l,l,O)d8 

- fit (?-to) 0.2 - 
+fit (nq-SO, qfO) 
o x PTcp 

-0.1 ' I 
-0.3 -0.2 -0.1 0.0 0.1 

-(sa)* 

2 Physical kinematics: m, 21 me N 0 : mf -+ 0, -4 -+ 0. 

0 No distinct difference between direct and x PT, while JLQCD observed 
the difference. 
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Nucleon Matrix Elements with Domain Wall Fermions 

Kostas Orginos 
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Nucleon matrix elements on the Lattice 

Spin on tlhe Latt ice  

K. Orginos -- 
RBC group 

0 Introduction and Motivation. 

0 What the Lattice can do / Review of Lattice results. 

0 RBC effort / Domain wall fermions. 

0 Preliminary results. 

0 Future work and Conclusions. 

Introduction -- Motivation 

W[p”l(z, Q2) = icpVwqp ($(gl(z: Q2> $- g2(x: Q2)) - 7 4 - SPO 92(x: Q2) )  

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

Calculate non-perturbatively Nucleon Structure Functions 

- Unpolarized: F~(x, Q 2 ) ,  F’(z, Q’) 

- Polarized: 91 (2, Q2) ,  92 (2, Q2), h l  (x, Q2) 
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Moments of Structure Functions 

0 c l ,  c2 and e l ,  e2 are t h e  Wilson coefficients (. .:-' . - .  3 1  

0 ( ~ ~ ~ . ) ~ ( p ) ,  ( ~ ~ ' ~ ) ~ ~ ( p )  and & are forward nucleon matrix elements 
of certain local operators 0. 

Method: Lattice QCD. 
3 

Lattice Operators 

Unpolarized ( F l / F 2 )  : 

On t h e  lattice we can measure: (z)q,  (x2)y and ( s ~ ) ~  
h ighe r  moment  operators mix w i t h  lower dimensional op- 
erators. Operators belonging in irreducible representations 
of O(4) transform reducibly under  t h e  lattice Hyper-cubic 
group. 

Groken Lorentz symmetry - 
Only is),, can be measured with = 0 
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Polarized (91/92) : 

Transversity ( h l ) :  

O n  the lattice we can measure: (l)Aq (gJ, ( x ) ~ ~ ,  ( x ~ ) ~ ~ ,  dl, d2, 
( l ) b q  and ( Z ) d q .  - Only ( , )A , .  ( . T ) A , ; .  d l .  and (I),$,, can be iiieasur'ecl with P = o 

5 

A" 
X 
V 

W 

A= 
X 
V 

J 3 L k = l  

0.2 0.31, !,y, f ,  , ,*, , , ,"I , ,<; 1 Hypercubic group rep. 3: 
0.1 Momentum: = 0 

: Renormalization: Multiplicative 0.0 0.2 0.4 0.6 
m,' dev' 

Flavor non-singlet 
I , , ,  , 1 1 8  1 1 I ~  

0.30 - 
r - 1 

No Curvature in the chiral 
limit 

(D a, 

0.0 0.2 0.4 0.6 0.8 
' .  m,' dev' ! ;L' ,% 

- = 2.41(4) a t  t h e  ch i rs l  limit \ .'I * ! (.I 
plateaus 
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Axial Charse 

0 UP o down 
n 4 0.5 

2 
4 

V 

0.0 

Renormalization : 

1 or:- (-4' :-qy5q) = z.a(-.q 4754) 

[U. Aoki LATO11 

2-1 = 0.77759(45) 

A A A 4 

1 1 1 1  I l l 1  

7 v " A 

I 

0.00 0.05 0.10 

amq 
1.4 

--- 1.0 1 
0.8 

0.00 0.05 0.10 
mr plateaus 

7 

0.4 
Measure: 

* tf 1 
L-5 - 4  = -q75 [73 0 4  +74 D3] 4 - 

.' Hypercubic group rep.: 63 
"I- Momentum: = 0 
= Renorm. : Mu It i pl icative 

-0.2 
0.0 0.2 0.4 0.6 0.8 

m,2 dev2 
Flavor non-singlet 

0.45 2 j  Note: 
o Unrenormalized 

No curvature in the 
chiral limit V 

1 ,  , , I I I , I I , I I I I , , I Light mass needs 0.25 
0.0 0.2 0.4 0.6 0.8 more statistics 

plateaus 
m,2 deV2 
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Tra  nsversitv: 

0 Hyper-cubic group repre- 
sentation: 6: 

Momentum: P'= 0 
e Renorm.: Multiplicative 

0.0 0.2 0.4 0.6. 0.8 
rn.' de@ 

0.0 0.2 0.4 0.6 0.8 
m,,' dev2 

Q c D s  F(quenched.continuurn): 

( 1 ) d U - d ,  = 1.214(40) 

Plateaus 

9 

Twist Three 

a Hyper-cubic group representation: 6; 

o Momentum: = 0 

e Renormalization: .Multiplicative (DWF Chiral symmetry)  

chiral symmetry breaking causes imixing with 

-1.5 -Is0 L A  
0.00 0.05 0.10 0.15 

amq 

Note: 

0 Unrenormalized 
0 Disagreement with 

the Wilson results 
Power dive I-y en: m ix i 17 g 

0 Small a t  chiral limit 
[LHPC-SESAM: hep-lat/0201021] 

193 



Conclusions - Future 

Lattice QCD can compute non-perturbatively certain low mo- 
ments of structure functions. 

Several systematic errors still need careful study: 

ri- Finite lattice spacing 

st Chiral limit 

D Finite volume 

Q Quenching 

Preliminary results look promising 
Simulation a t  light quark masses possible 

0 '  . : Curvature in the chiral limit 

0 : Absence of power divergence mixing 
Small a t  the chiral limit 

Future: 

Compute renormalization constants (NPR) 

e Extend t o  higher moments (non-zero momentum) 

e Disconnected contributions 

0 Form factor calculation 

Dynamical domain wall fermions 

194 



Calculation of Hadronic Matrix Elements for Kaon 
Decay in Quenched Domain-Wall QCD 

Jun-Ichi Noaki 
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RIKEN Review, Nov. 2002 

Calculation of Hadronic Matrix Elements for Kaon Decay in 
Quenched Domain-Wall QCD 

1 1  in-lt-hi A l n d f i  
W W N I  IUIII I W U U I \ I  

(3 RlKEN BNL Reserch Centei 

for RBC Collaboration 



1. introduction 

- 0 Physics in Kaon processes 
ind i rec tp  
AZ = 1/2 rule, d i r e c t w  t- K -+ nn : ReA,/ReA2 , E ' / &  

-e K O  - KO mixing : B,  

0 Calculation in the lattice QCD 

Quenched calc. of & ' / E :  Pekurovsky & Kilcup, 1998 (Wilson gluon + staggerd quarnj 
CP-PACS Collab., 2001 (Iwasaki gluon + DW quark) 
RBC Collab., 2001 (Wilson gluon + DW quark) 

Inconsistent with experiments, many sources of the error 

0 Our new calculation 
use of DBW2 gauge action + DWF: excellent chiral symm. on the lattice 
scaling of lattice .-I = 3 GeV : closer to the continuum limit 
inclusion of charm quark : less systematic error 



2. Gauge Configuration by DBW2 Action hep-lat/0211013 

e Strategy of gauge generation 
DBWZ action hardly change the topological charge: (Qtop) # 0 

243x 48 lattice : DBW2 sweep [xIOOO] -> 
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

1 
2 
3 
4 

n 5  
0 6  

x 10 
11 
12 

15 
C 16 

- 

20 
21 

T I 

mPsa vs DBWZ evolution 

0*35 3 
0.30 k 0 m,=0.02 

0.03 
0.04 

0.15 I 1 1 1 I ’  1 1 1 

2 3 4 5 6 7 0 1 
DBW2 sweep [x IOOO] 

natural Qtop distribution: (etop) = -0.32 & 3.36 over 50 Wilson gauge confs. 
small chiral symm. breaking: mres = 0.276( 10) MeV with L, = 10 

= 2.89( 12) GeV I phys. VOIR 1.7 fm 
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4. Kaon B-parameter hep-lat/OZI io13 
0 

," '. 
1.0 I - 1  I I I I 

0.8 t 0 m,a=0.016 

0. - 
N 
0 
I-L 0.4 I I 

I I I I 
I I  ' 

0.4 I I I I I I 

0.4 ' I I I I 
0 10 20 30 40 

t 

t-depencence should 
be canceled \ , \ . \ 

\ 

\ 

, \ - 1 - 
S 

T 

' \  

B,, #conf = 53 

Oe8 
0.7 - 

0.6 - 

Oa5 t 

0.2 ' I I I I 

0 0.01 0.02 0.03 0.04 

consistent with previous work (eg. CP-PACS Collab., 2001) 
Calc. of € ' / E  is now going on. 
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Effective Theory 'for Polyakov Loops 
in Lattice QCD 

(a test of multi-level algorithm) 
Yukio Nemoto(RBRC) 
(for RBC collaboration) 

INTRODUCTION 

Eff'ective Theory for Polyakov Loops 

a Critical Behavior in S U ( N )  Gauge Thory 
Effective Potential for Polyakov Loops 
+ For 2 colors 

1, : polyakov loop 

2-nd order phase transition implies 

-+ For 3 colors 
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weak 1-st order p.t. implies 

Polyakov Loops with higher Z(N)-charge 
Ordinary Pol. Loop e,  transforms as a field with 
charge-1 under a global Z ( N )  transformation 

A charge-two Pol. loop is defined by 

1 1 1 e, = -Tr(E2) = -Tr(L2) - - (Tr(L))2 
NC NC N; 

Under the Z ( N )  

(see R.D.Pisarski, hep-ph/0112037, hep-ph/0203271) 

Effective couplings of Polyakov loops 
D ec kert et.  a 1.19 8 7, G o  nza lez- A rroyo el. a I .  19 8 7 



Precise Measurement 
of Polya kov Loop Correlation 
W e  want to  measure a set o f  physical quantities with as 
small statistical errors as possible. 

Improved Estimator 

When we measure an expectation value, ( A ) ,  we can choose 
another one, {A’) with the same mean value ( A )  = {A’) ,  but 
the smaller error. 

ex. multi-hit alaorithm 

-+ more efficient way t o  mealsure the correlation function 

Multi-level algorithm - 
M.LuScher and P.Weisz, JHEP 0109 (2001) 010 

Consider measurement of 2 Polyakov loop correlation. 

Define two-time link operator 

T h e  essence of the multi-level method is t o  take an average 
of  T instead of T itself in the: sublattice of the time-slice. 

s: sublattice for each time-sliice wi th  boundary fixed 



Test Si m u I at  io n 

1. 2 Polyakov loop correlation ( T = O )  
Lattice: 124 (p = 5.7),  standard Wilson action 

for 1 layer 
dis=4. clP(n)P'(n+4a)l> 

1 o4 
1 layer 

I 
0 200 400 600 800 1000 

nrns 

nmS = 1 corresponds to usual measurement. 

Computation time is proportional to n,,. 

for 1 and 2 layers 
1 layer 

* 2 layen 

l 0 - = l '  lo-= ' ' 

t 
f 
1 

'.. .- 
a 

1M) loo0 lMM0 1OOOOO 
lo-' 

relative lime 
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Outlook 

Toward the measurement of Polyakov loop 
correlation a t  finite tiemperature, we have  
tried a new algorithm called the multi- 
level method as a test  simulation. 

We have reproduced the 2 Polyakov 
loop correlation b,y Luscher and Weisz. 

0 3 Polyakov loop correlation is also im- 
proved by the multi-level algorithm. 

0 Modified algorithim by ungauge-fixed 
summation (a la Kuramashi) seems 
to be inefrective because of rather 
large gauge noise. 
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The Color-flavor Transformation and Lattice QCD 

Tilo Wet tig 

211 
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Introduction and Motivation 

"color-flavor" transformation was first derived for U(NJ by Zirnbauer (1996) 
(motivation: disordered systems in condensed matter physics) 

color indices coupled, 
Usijqj + $ j  u-iji +:+p,1, flavor indices diagonal 1 dU exp(l/i' x+p,u x,a x , b  

flavor indices coupled, color indices diagonal 

is a complex matrix in flavor space) 

0 integral over gauge field looks just like in latt ice QCD (for a single link) 

0 on the RHS, fermion matrix becomes diagonal in configuration space 

-+ promising new approach to' fermion algorithms 

(much more difficult mathematical problem) 
0 need the  transformation for SU(N,), .with Nc = 3 in QCD 
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Application to lattice QCD 

0 color-flavor transformed action does not include plaquette term 
4 can be generated by additional heavy fermions ("induced QCD") 

coupling g-' = 8 N h ~ ~  with Nh --+ 00, K -+ O 

0 color-flavor transformation corresponds to  a single link of the  lat t ice 
.-> apply it to  al l  links 

0 af ter  integrating out the fermions, one obtains an action which 

N F Q\ 
- in the  Q = 0 sector is "diagonal" in coordinate space as for U(N,) 

f: 0 gives rise to  loops describing the  propagation of Q baryons 

0 can derive set of rules for allowed loops and their weights in the 
part it ion function 

theory can be simulated by a random-walk algorithm that generates 
ensemble of allowed loops 

-+ reformulation of latt ice QCD as a theory of baryonic loops in a 
mesonic background 

details: hep-lat/0208044 



Unfortunately, t h e  color-flavor transformed action has a sign problem. 

this already shows up for Q = 0: 

------+ not h e m  i t i a  n (2 is a general complex matrix) 

idea: write 2 = HU with H hermitian and U unitary 

- integrate out U analytically (before integrating over 4,  @) 
- leads to  complicated group integral (solved in math-ph/0209030) 
- idea worked for N f  = 1 but unfortunately not for N f  > 2 - 

0 no apparent physical reason for sign problem --+ should be solvable 

0 work in progress (alternative parameterization of coset space?) 



Light Quark Masses from Domain Wall'Fermions 

Chris Dawson 



Light quairk masses 
from Domain Wall  

t-ernnions 

Chris Dawson, RIKEN BNL Research 
Center 

[RBC Collaboration] 

0 a t  two lattice spacings (I-’ =: 1.3Gel- and ( I - *  = - 3C‘ TP 1- 

0 with two Gauge actions ( Wilson and DBW2 ). 
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Exractinn the quark masses 

0 Use first order chiral perturbation theory for Pseudo-scalars 

2 2  ???.,a = B,am 
miia2 = B,a(m, f m)/2 9 

with 

0 And first order expansion in mass for Vectors 

0 Extract B, , -ap and L3,7 from the lattice. 

0 Solve for n , 777 and 717, using meson mass values from experi- 
ment. 

0 Convert the lattice mass to a renormalised mass using: 

1. Non-perturbative renormalisation : 

Lattice -+ Continuum ( RI-scheme ) 

2. Perturbative matching : 

RI-scheme -+ 
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Simulation Parameters 

DBW2 gauge action a t  two couplings ; 

- :j = 0.~0 giving n.-' e 2 <>el: . 

- ;:j = 1.04 giving a-J ==: 1.3 Gel: . 
- ( a,-' FZ 3Gel.- on the way ) . 

a is the lattice spacing . 

0 Compare to  existing Wilson gauge action, ..3 = 6.0 
( a.-l ==: 2 Gel: ) 

- [hep-lat/0007038] : Spectrum 

- [hep-lat/0102005] : NPR 

0 All calculations on a 16" x 32 lattice. 

0 Number of gauge configurations: 

Spectrum NPR 
DBW2 1.3 GeV 100 53 
DBW2 2 GeV 405 51 
Wilson 2 GeV 85 142 
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Spectrum: Pseudo-Scalar 

0 Quark mass shifted by ml(>, 

0 The only remaining difference should be 

- Lattice artifacts. 

- The mass renormalisation. 

0 Note: DBW2 2GeT- and 1.3GeI- very similar 
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Spectrum: Pseudo-Scalar vs Renormalised Mass 

700 c El3 c 

0" 400 
a" 
1 aJ 

300 

200 

Wilson 2GeV 
0 D13W22GeV 

t 4 

-u 
OO 50 100 150 200 

quark mass 

0 Excellent agreement between: 

- DBW2 a t  both 1.3 and 2 GeV 

- Wilson and DBW2 actions a t  2 GeV 

0 See no evidence for latt ice artifacts with DBW2 or Wilson action. 

0 DBW2 allows simulations on realtively coarse lattices. 

225 



Su mm arv 

0 Calculated values of the quark massed value of 

- rrL, ==: 130kIeT.' 
- '111 ==: 5MeT7 - 
- 

in the ,US scheme a t  2 GeV . 

0 The DBW2 and Wilson gauge actions agree. 
Good check of validity of : 

- The non-perturbative renormalisation technique. 

- The unusual choice of gauge action. 

0 The DBW2 action shows no evidence of lattice artifacts even 
a t  a relatively large lattice spacing. 

In the (near) future: 

- a,-' = 3GeV DBW2 Quenched study. 

- . - I  = l.'iGeI' DBW2 Dynamical study. 
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QCDSWQCDOC: Physics Results and Prospects/ 
Project Status 

Norman Christ 
Robert Mawhinney 
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QCDOC Project 
and 

Physics Overview 

2002 RBRC REVIEW 

November 22; 2002 

Norman H. Christ. 
Robert D. Mawhinney 
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OUTLINE 

0 QCDOC Project: Hardware design, status 
and schedule. [K. Christ] 

0 QCDOC Project: BNL support, software 
design, implementation and benchmarks. 

[R. hlawliinney] 

0 QCDSP Physics. 

- Overview of current, projects. 
- Plans toward QCDOC. 

0 New physics directions and conclusion. 
[N. Christ] 
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QCDOC PROJECT 

0 Physics: QCD is a complete, fundamental 
theory. For many important problems the 
only significant errors are numerical: 
Immediate scientific reward from increased 
computer capability. 

0 Architecture: 
- Space-time homogeneity supports easy 

parallelization and a :mesh network. 
- System-on-a-chip technology permits a 

highly scalable and cost-effective design: 
* Entire node (including interconnect logic) on a 

* The only extra components: 
single chip. 

Serial nearest-neighbor wires. 
Commercial Ethernet tree for booting, 
diagnostics and I/O. 

- Low power, compact (design. 

0 Goal: 10 Teraflops QCDOC machine offers 
20x boost to RBRC physics. 
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COLLABORATION 

Columbia (DOE) : Norman Christ 
Saul Cohen 
Calin Cristian 
Zhihua Dong 
Changhoan Kim 
LudmiHia Lev kova 
Xiaodong Liao 
Guofeng Liu 
Robert M atvh in ne y 
Azusa Yamaguchi 

UKQCD (PPARC): Peter Boyle " 

Balint .loo 

RBRC (RIKEK) : Shigenli Ohta (KEK) 
Tilo \Vett,ig (Yale) 

1Bh;I: 

BNL (DOE): 

Doiig Chen 
Alan Gara 
Design groups: 

Yorktown Heights. NY; 
Rochester: MN; Raleigh, SC 

Dave Stampf 
Robert Bennett 
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DESIGN 

e IBM-fabricated, single-chip node. 
[XI iiiillioil triwsist.ors. i-2 lj-att. 1.3~111 x 1.3ciii clicj 

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

- GNU and XLC compi.lers. 

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

0 6-dim communications network: 
- Efficient -for small packet sizes, = 200ns latency. 
- Global sum/broadcast functionality. 
- Minimal processor overhead. 

- Lower dimensional matchine partitions; 

e 100 Mbit/sec, Fast Ethernet 
- JTAG/Ethernet boot hardware. 
- Host-node OS commu:nication. 
- Disk I/O. 
- RISCWatch debugger. 

0 = 5 Watt, 10 in3 per mode. 
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STATUS 

0 ASIC Design 

- RTL design complete. 

- Floorplanning netlist accepted by IBM 

- Preliminary netlist accepted by IBM 

- Final netlist accepted by IBM 

8/16/02. 

9/6/02. 

11/12/02. 

- Extensive testing ongoing: 
* Real code on full design simulation 

100 applications of Dirac operator. 

* Two-node simul.ation: 
A sends Ethernet boot packets to B. 
B receives and executes boot code. 

* Testbenches for faster simulation of 
sub components. 

* Gate-level tests underway and formal ver- 
ification of syntlhesis completed. 

* ==: 18 CPU’s: 24,’7. 
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STATUS 

0 Board design 

-P.O. written for daughter board 
w 
v) 

-1 

V 

5 
E 
0 u 

a 
9 
L 

a 
2 
!5 
2 

z 
v) 

5 
z 
0 

e 
L 

5 
3 
B 

layout 

- Connectors and cables simulated, AMP 
Z-Pack HM-Zd selected. 

i OCDOC Net2 Jmer--OPLVDS-/CILVDSDT-A 

*.a 

1.4 

1.B 

:.m 

0.m 

T L -  (ri 
0.00 0.50 1.m I.= 2.m 2.50 3.m J.SO <.m 
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RELIABILITY 

ECC on external DIMM and EDRAM. 

Automatic recovery from single-bit 
communicat ions errors. 

Running check sum on both ends of each se- 
rial channel. 

Number of components similar to QCDSP: 
1-2 failures/week on IOK node machine. 

Soft error rate estim.ated at < l/week an 10K 
nodes (low-a lead in solder balls). 
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QCDOC SCHEDULE 

assemble mother board 
labncate single-slot backplane 
assemble single-slot backplane 
test daughter board 
verily ASIC and daughter board 
remn manulaclure 

I 
56 I assemble respin daughter board 
57 I "onl" ,L+"trI , 
58 I assemble 150 daughterboards 
59 I test motherboard 

procure production ASlCs 
procure daughter board components 

procure mother board components 
labncate mother boards 

assemble and test 
venlv oroduction scale machine 

procure daughter board components 
labncate dauohter boards 

82 I 
83 I lannrar~ malner boards 

procure mother board cornpOnenIs I _ _  _ _  - - . . .- -. 
rn procure backplaneYCabinetS 
B5 assemble and test 
66 complete 10 Tflops RBRC machine 

-I I 

l e 
i 
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SCHEDULE SUMMARY 

Final net list 11/12/02 

Release to manufacturing 12/23/02 

02/25/03 

Apr 03 

May 03 

0 Prototype chips available 

Verify ASIC and daughter board 

0 Verify motsherboard (128 nodes) 

Verify 8 MBD machine (512 nodes) 

Verify 32 MBD machine (2:048 nodes) 

JulO3 

Sep 03 

0 Complete 10 Tflops machine (10,240 nodes) Feb 04 



NEW PHYSICS DIRECTIONS 

0 Heavy quarks 

- Include charm quark in K -3 ~ 7 - r  decays. 
* Develop a new DWF "twisted" mass term: 

* Simply adds a fermion mass-no effect on 5-D 

* Permits accurate GIM cancelation. 
wave function. 

- Exploring charm and bottom meson decay calcula- 
tions. (Anisotropic lattices?) 
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0 Direct calculation olf K + T-T [C.  Kim]. 

- Use Lellouch-Luscher finite volume method. 

- Impose G-parity boundary conditions. 

(:)-I-;(:) 
T- -77- 

- Now j5’# O for ground state. 

- Gives on-shell A I  =: 3/2 amplitude directly and 
A I  = 1/2 after vacuum subtraction. 
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CONCLUSION 

0 Ongoing calculations of important quantities: 

- Real and imaginary K -+ TT amplitudes; with 
smaller lattice spacing. 

- Proton decay amplitudes. 
- Low-order moments of nucleon structure functions. 
- Generation of configurations including sea quarks. 

0 New methods and algorithms: 

- Improved gauge actions (DBWQ). 
- Non-degenerate quarks for E( + TT.  

- Enhanced dynamical DWF algorithm. 
- Heavy domain wall fermions. 
- Physical 7r - ~TT final states. 

0 Next = 20x faster QCDOC machine: 

- ASIC design complete. 
- Prototype hardware in February 2003. 



QCDOC Software, Infrastructure and 
Physics 

Robert D. Mawhinney 
Columbia University 

RBRC Scient,ific Review 
Brookhaven Nat'ional Laboratory 

November 22: 2002 

I. QCDOC Operating System 

11. QCDOC performance benchmarks 

111. BNL support for QCDOC 

IV. Physics projects on QCDSP 

V. Physics projects on QCDOC 

RBRC-11-22-02 1 
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Additional Software Collaborators 

0 BNL: Dave Stampf, Rob Bennett 



QCDOC! Overview 

Uses IBM's System-On-a-Chip Technology 

Industry standard, 64-bitl. 1 Gflop Power PC 
processor with L l  insti:uction and data caches. 

0 4 MBytes of embedded DRAM on chip 

0 Up to 0.5 Gbytes of DIDR SDRAM per node 

0 100 Mbit Ethernet connection to  each node 

0 High-bandwidth, low-latency 6 dimensional nearest 
neighbor communications network. 

Low-electrical power allows dense packing 

0 Evolution of successful QCDSP architecture. 

0 20,000+ processor mac:hines planned 
RBRC-11-22-02 4 
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QCDOC Host OS 

Physical 
Cards 

Transporters 
Spoolers 

R -. __ 
Partition -,. 

Root Partition 
::qresel-hwt 
::qset- 
::qboo1 

I Partilion Table 

-- . . 

Server Distributor 

Sender 1 Client Acceptor 
-.--I 

Client2 
CllenO Telne 0 

/ \ Client3 ----TI 

.” 



Operating System Goals for QCDOC 

1. QOS must easily support hardware debugging of 

0 IO4 nodes 

0 12 x lo4 communicat?ions links 

0 lo6 MBytes of SDRAM 

0 100 to 1,000 disks 

2. QOS must not hinder high performance code 

3. QOS provides a standard, single execution thread 
application environment (real-time kernel) 

0 Conventional C/C++ I/Q function interfaces 

0 Simple OS intIerface t o  special hardware features 
- QCDOC OS SCU calls (communications) 
- Processor location calls. global interrupts 

4. QOS users see simple UNIX-like environment 

0 Support, for code development and debugging 

Basic queueing svst-em 

0 Interaction via command line, perl, Web.. . 

5. QOS interfaces to RISCwatch debugger for detailed 
information about any node 

RBRC-11-22-02 7 
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Physics Software for QCDOC 

1. Existing Columbia Physics System (CPS) is base 

0 C++ for most. lines of code 

0 Assembly for high performance kernels 

0 Data parallel programming stvle 

2. CPS is actively evolving through ongoing 
RBRC/BNL/CU research 

3. UKQCD Collaboration will also use CPS for their 
research. 

0 Increased user base leverages effort 

0 Will port, to  other platforms 

4. SciDAC funding recieved for evolving CPS and 
QCDOC-OS to common community standards. 

5. CPS goals are 

0 Outstanding performance on QCDOC 

Portabilitty to  other platforms for development 

Consistency witoh evolving community stlandard 

' RBRC-11-22-02 9 
252 



QCDOC P’erformance 

From gate-level simulation of ASIC at ‘hominal” 
500MHz speed. Communication, cache flush overhead 
and 20 ns pin-pin wire delqy included. 

Operation 

Wilson De, 

Wilson De, 

Clover De, 

Clover De, 

Staggered De, 

Staggered De, 

su3-su3 
SU3-2spinor 

DAXPY 

ZAXPY 

DAXPY-Norm 

CloverTerm/asm 

CloverTerm/gcc, no dcbt 

CloverTerm/xlc, no dcbt 

:Local Vol. - 
24 

24 

24 

44 

44 

22 .42’ 
- 

- 

- 

- 

- 

- 
- 
- 

Peter Boyle, given at Lattice 2002 

Perf/node (Mflops) 

470 

535 

560 

590 

370 

430 

800 

780 

190 

450 

350 

790 

150 

300 

RBRC-11-22-02 10  

253 



Global Sum 1 Sust. Tflops Nodes 

4096 

8192 

16384 

32768 

MiM+linalg 

2620,~s 

1310ps 

680 ps 

340 ps 

RBRC-11-22-02 11 
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10 ps 

13 ps 

11.5~s  

15 ps 

2.15 

4.2 

8.1 
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BNL GPP funds supporting QCDOC 

$1.6 M GPP (General P1a:nt Projects) grant for 
infrastructure to  support: 

1. Funded 10 Teraflops RBRC QCDOC 

2. Proposed 20 Teraflops SciDAC QCDOC 

Major infrastructure components to  support both 
QCDOC machines: 

0 .Provide UPS (uninterruptable power supply) power 

Cooling water and heat exchangers 

0 Dehumified air for cabinets 

0 Integen fire suppression system in cabinets 

0 Smoke and heat alarms 

0 Architectural improvements to room 

RBRC-11-22-02 12 
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Major Physics Projects on QCDSP 
I 
t3 

YJ 0 
0 Both quenched and full QCD simulations with DBW2 action 

0 A wide variety of observables being measured. 
t3 
w 

0 Full QCD lattices to be analyzed on remaining machines 

0 Full QCD simulations have been sped up by 3x 

L 
Machines Nf mf Ls nzres 

-1 a 
(GeV) (fm) 

2.9 I 1.6’ 0 IO ms/300 300 Gflops RBRC 
225 + 3 x 25 

200 Gflops CU 1.7 1.9 2 Wms/ I2 =rns/1O 
100 Gflops CU 1.7 1.9 2 =3rns/4 12 ==:m,/lO 

100 Gflops RBRC 1.3 2.5 2 =ms/2 12 ? 



Major Physics Measurements with QCDSP 

a-l 

2.9 

1.7 

1.3 

1.6 

1.9 

2.5 

Nf 

0 

2 

2 

N" ms/2 
= 3rns/4 

F=: ms/2 

0 bservables 

Hadron spectrum 
Weak matrix elements 

B K ,  AO, A2 
-+ ReAo/ReA2 -+ E'/€ 

0 3 flavor ea. theory 
0 4 flavor eff. theory? 
Heavy quark physics? 

Hadron spectrum 
Weak matrix' elements 
Nucleon structure? 
Hadron spectrum 
Weak matrix elements 
Nucleon structure 



Physics Projects on QCDOC 

0 Increasingly accurate full QCD simulations with 
DWF (or practical alternative) 

- With 200 Gflops QCDSP: 
* N" 5,000 HMC trajectories/year 
I mf FZ m, /2, L - 1.7 fm 
* Need longer runs, lighter m f ,  larger box 
* Quenched DWF shows good scaling with 

lattice spacing. May allow use of coarse 
dynamical lattices . 

--With 2 Tflops QCDSP: 
* N" 50,000 HMC trajectories/year 
* smaller mf possible 
* larger physical volumes 

e Move to 3-flavor simulations 

- Exact or inexact algorithms? 

- Contact with analytically predicted chiral 
behavior 

RBRC-11-22-02 15 
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0 Major opportunites for QCD thermodynamics with 
DWF 
- Preliminary work done with QCDSP 

- For Nt = 4 lattices, u-' - 0.6 GeV 
* DWF has large mre, 
* Fallof of mres with L, very small 
* Gauge fields very rough 

- For Nt = 8 lattices, - 1.2 GeV 
* DBW2 DWF may work well 
* Current u-' - 1.3 GeV runs for T = 0 
* Will know mres soon 
* Additional optimizations with DWF possible 

0 Current quenched measurements easily replicated 
with dynamical lattices 

0 Improved lattice Dirac operators allow QCD 
simulations at finite lattice spacing with accurate 
control over symmetries of full QCD. 

RBRC-11-22-02 16 
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The QCD critical-end/tricriticd point 
and the quark number susceptibility 

Takashi Ikeda 

RIKEN BNL ReseaTch Center, Brookhaven National Laboratory, Upton, NY  11973 

1 The QCD phase diagram 
The vacuum of the quantum chromodynamicr; (QCD) is believed to undergo a phase transition 
from the hadronic phase to the quark-gluon plasma (QGP) at high temperature T and/or at high 
quark chemical potential /I. Such a new state of matter is expected to be produced in on-going 
heavy-ion collision experiments at Relativistic :Keavy-Ion Collider (RBIC) and in the future Large 
Hadron Collider (LHC). This work focuses on the quark number susceptibility in the QCD phase 
diagram in the T-p plane and its critical exponents at the QCD tricritical point (TCP) and the 
critical end point (CEP). In a recent paper [l] , Ratta, and Ikeda pointed out the possibility that 
the hidden tricritical point affects the physics near the critical end point. 

1.1 
There is a growing evidence that the phase diagram of QCD with massless 2-flavors has a tricritical 
point at which a second order phase transition line at lower p's turns into a !&st order phase 
transition line at higher p's. If the u, d-quark masses are increased from zero, a line of critical 
points (the wing critical line) emerges from TCP and the point which corresponds to the physical 
quark mass nZ&s is called the QCD critical end-point because this is the point where the h t  
order phase transition line terminates. This end point was found in several model calculations and 
recently in the lattice simulation with 2+1 flavors [Z]. 

Second order phase transitions are characterized by the long-wavelength fluctuations of the 
order parameter. In the case of CEPy it is the sigtna (a) fieid. Then, it is expected that the fluctu- 
ations of the sigma field wil l  be reflected in the event-by-event fluctuation of pion (T) obsembles 
due to the the T - Q coupling. Based on this observation, possible observable signals associated 
with CEP have been studied in detail in relation to the relativistic heavy-ion collision experiments 

The critical end and tricriiical points 

13~41. 

1.2 Universality arguments 
Our starting point is a simple qu&io= "How large is the critical region?" The cr i t id  region 
is defined as the region where the mean field theory (or the Landau theory) of phase transitions 
breaks down and the true non-trivial critical exponents can be seen. UsuaUy, one expects that the 
critical region is surrounded by the mean field region and the critical exponents change from the 
non-trivial d u e s  to the mean field d u e s  as one comes away &om the critical point. 

There is a well-known criterion which estimates the size of the critical region, the Giburg 
criterion which is based on the singular part of the thermodynamic potential i2 (the Landau- 
Ginzburg potential) for a second order phase transition. By using the Ginzburg criterion, we can 
obtain the radius of the critical region at CEP *" mb (m is the quark mass). This gives a bound' 
to the size of the critical region. It shrinks to zero as the quark mass decreases. If the quark mass 
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is small, the criticai region of CEP is small and we are naturally led to consider the mean field 
region around the critical region of CEP. In fact, there is a reason to expect that the critical region 
of CEP is small. This is because the QCD critical end point is a descendant of the tricritical point 
of the massless theory. 

This observation led us to study the critical phenomena of both CEP and TCP simultaneously 
and their possible correlations. The central point is that if we consider the mean field region 
belonging to CEP, we should also consider the mean field region belonging to TCP. We made both 
qualitative and quantitative analyses of the physics near TCP and CEP with particular emphasis 
on the (singular) behavior of the quark number susceptibility xq. xq is a response of the quark 
number densify to the variation of the quark chemical potential and is one of the key quantities 
characterizing the phase change from the hadronic matter to QGP 15, 6, 7,8]. 

The lattice data tell us that, at p = 0, xsr incr&es rapidly but smoothly near the critical 
temperature [9, 10, 111. On the other hand, the universality argument predicts that it diverges at 
both TCP and CEP with certain critical exponents. Therefore, it would be important to study its 
critical behavior with and without the quark masses to see whether it can provide a new way of 
detecting the TCPICEP on the lattice as well as in the heavy-ion collision experiments. 

We analyzed the critical behavior of the quark number susceptibility at CEP/TCP based on the 
Landau-Gmburg potentid, and obtained the critical exponent E = $ at CEP and T~ = 3 at TCP in 
the mean field approximation. The tricritical point has, so to speak, a 'tricritical region' which is a 
sphere or an elIipsoid in the (57, p ,  m) space centered at TCP. We pointed out interesting possibility 
that the critical point is inside the tricritical region and a crossover of different universality classes 
happens. Namely, as we approach CEP the critical exponents gradually change fkom those of the 
tricritical point to those of the 3 0  Eing model via those of CEP in the mean field approximation. 
However, the universality argument does not tell us whether the effect of TCF' survives in the 
(T ,p)  plane with the quark mass of, say, 5 MeV. In order to quantify the above ideas, a specSc 
m+el must be resorted. 

2 

2-1 
Hatta, and Ikeda examined the critical behavior of the quark number susceptibility quantitatively 
by employing the ComwalLJackiw-Tomboulis (CJT) effective potential [12] for 2-3avor QCD in the 
improved ladder approximation [13]. The parameters in this model are determined to reproduce 
the pion decay constant fm = 93 MeV in the Pagels-Stokar formula 1141 in the chird limit. 

At finite temperature and chemical potential, we use the imaginary time formalism. We have 
studied the chird phase transition and the phase diagram by calcdati i  the CJT effective potential 
at given T and p and searching the value of the order parameter a0 which minimizes the potential. 
The location of the &-st order phase transition line is determined by finding a gap in ao. h the 
chiral limit, 00 goes to zero smoothly as the second order phase transition line is approached from 
below. With finite quark masses, there is no distinct border between the symmetric and broken 
phases, and 00 remains finite at all temperatures and chemical potentials. 

The QCD phase diagram in this model has both the tricritical and the critical end points. The 
location of the tricritical point in the chiral hit, is T' = 107 MeV and pt = 209 MeV, and the 
critical end point, for example, for m(1GeV) = 5 MeV locates at T' = 95 MeV and pc = 279 
MeV. The distmce between TCP and CEP approximately scale as rnt up to m - O(1) MeV, in 

The gradual change of universality classes 

CJT effective potential and the chird phase transition 

agreement with the resulfs of the u n i v e r d  'ty arguments. 



2.2 The quark number susceptib.ility and its critical exponent at CEP/TCP 
The quark number susceptibility xq in the T-p plane is obtained by taking the second derivative 
of the CJT effective potential with respect to p numerically. 

In both cases for the chiral limit and the finite quark mass, xq is suppressed far below the 
chiral phase transition line and enhanced near TCP or CEP. The region where xq is enhanced 
is elongated in the direction parallel to the limt order phase transition line. This is because the 
critical exponent for this direction is larger than for other directions. *We also found a jump in xq 
along the second order phase transition line. Inside the critical region, however, the jump must be 
replaced by a cusp with certain critical exponents. Our model can reproduce only the mean field 
behaviors. 

The critical exponent for xp at CEP/TCP was calculated along the path parallel to the p axis 
in the T-p plane from lower p towards CEP/1CCP at fixed T, or q. 

We obtained the critical exponent T~ = 0.51 f 0.01 in the ch id  limit by using a linear loga- 
rithmic fittiig numerically, which is consistent. with the mean field theory. 

For m=0.1 MeV, we obtained the critical exponent E = 0.55f0.02. Tbis is signiscantly merent 
fiom the prediction of the mean field theory t:. = 8, which is a clear evidence of the effect of the 
tricritical point. It is expected that the exponent changes towards 3 if we approach CEP much 
closer. 

For m= 5 MeV, the slope of xq changes ai; around Ip - pcJ - 0.5 MeV, and we obtained the 
critical exponent 0.68 f 0.02 for 1p - p,l < 0.3 MeV and 0.57 k 0.01 for j,u - pCl > I MeV. We 
interpret this change of the exponent as the crossover of different universaIity classes. Note that the 
purely mean field-like exponent is seen in a very small region Ip - < 0.3 MeV from CEP. This 
result is somewhat surprising to the present authors because TCP is far away from CEP already 
for m= 5 MeV and the value of xq itself is mremarkable at (Z, pJ. It seems that, although the 
analysis based on the Landau-Ginzburg potenitid was made in the small quark mass limit, the 
effect of TCP is unexpectedly robust against the increase of the quark mass. 

As a check, we also calculated the exponent for m = 100 MeV and obtained E = 0.64 rir 0.03 
which is consistent with the mean field value For such a large quark mass, we see no indication 
of a change in the slope. The effect of TCP has completely disappeared. 

There are two important points in above results. First, if the quark mass is increased from 
zero, the critical exponent changes from $ to $. Second, even at ked quark mass, the critical 
exponent changes from E = 8 by the effect of the  hidden TCP, as we draw away from CEP. This 
second point is very interesting because a c t d . y  we can not change the quark mass, however this 
change of the critical exponent could be obserwd in the realistic quark mass. 

Finally, we briefly comment on the impJ.icai;ion of our results to heavy-ion experiments. The 
divergence of xs is directly related to an auoidy  in the event-by-event fluctuation of baryon 
number B (divided by the entropy S) which was originally introduced in [8] to probe the deconhed 
phase. Although neutrons are not obsewed, we expect that the event-by-event fluctuation of the 
proton number is relatively enhanced for collisions which have passed ‘near’ CEP/TCP. Pion and 
diphoton observables are discussed in [3,4,15]. The critical exponents of the king model and the 
mean field theory are not so different numerically, therefore, the smallness of the critical region 
itself may not be an obstacle to the observability of critical phenomena in experiments. However, 
if we take the &ect of TCP seriously either by ilssumption or stimulated by future lattice results, 
we must take into account the long-wavelength fluctuations of the pions as well as the sigma meson 
because the pions are no longer the environment but participate in the critical fluctuations around 
the trace of TCP. ‘ 
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“Dense” matter in QCD 
Progress report and research plan . 

a .  
for RBRC Scientific Review Committee 

Kazunoiri It akura 

Abstract 

I review my past year’s achievements in the physics of “dense” matter in QCD, 
by. which I mean both gluonic and quark dense matter. Gluonic dense matter 
(Color Glass Condensate) is relevant at high energy processes and exhibits satura- 
tion. Quark dense matter shows color superconductivity at low temperature. I also 
discuss some future plans of my reseach. 

1 Recent Progress 
The problems I have been concerned about are extreme situations in QCD which may 
be called “dense” matter. Here I mean by “dense” matter both gluonic and quark dense 
matter. In the past few years, we have seen. a very rapid progress in understanding the 
“dense” matter in QCD. Some of them can be treated with weak-coupling techniques 
but actually we need non-perturbative calculation such as resummation of log enhanced 
factors at  high energy or the Cooper instability of the pkrturbative Fermi sphere. Notice 
that the current lattice simulations are not able to  treat these situations, which makes 
our analyses very valuable. 

1.1 Color Glass Condensate - I?hysics of Saturated Gluons 
At very high energies, the cross-sections for ha,dronic processes are dominated by the small- 
.T gluons in the hadron wavefunction. These gluons form a high density matter which is 
believed to reach saturation, and become a Color Glass Condensate. Roughly speaking, 
the saturation is realized under the balance between creation of small z gluons (“gain”) 
and their recombination ( L‘loss’’) which beoomes significant at high density situation. 
This dense gluonic matter is relevant for various high energy processes such as the deep 
inelastic scattering (DIS) and the relativistic heavy ion collisions. We have provided two 
important things: natural interpretation of the new phenomena “geometric scaling*’ [ 11 
and computation of the hadronic cross section at high energy [ Z ] .  

1.1.1 Interpretaion of Geometric Scali:ng [l] 

Geometric scaling is a novel scaling phenomenon in DIS at small x which was found by 
StaSto, Golec-Biernat and Kwieciliski: The total virtual photon proton cross sections in 
DIS at x < 0.01, which are a priori functions of two independent variables - the photon 
1-irt.uality Q2 and the Bjorken variable x -, are consistent with scaling in terms of the 
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variable: = Q2G(z) where g(z)  = ( z / z ~ ) ~ / Q ~  with the parameters X = 0.3 + 0.4, 
&o = 1 GeV, and zo N 3 x This has been observed in the kinematical regime 
0.045 < Q2 < 450 GeV2. 

At sufficiently #low Q2, below the saturation scale &:(z) (- a few GeV), this phe- 
nomenon finds a natural explanation as a property of the Color Glass Condensate. Indeed, 
in the saturation regime, the saturation momentum Qs(z) is the only one relevant scale, 
and any dimensionless quantities should be expressed as a function of Q2/Qf(z). There- 
fore, this naturally leads to  the identification between @(z) and the function l/Ri(z). 

the saturation scale. To explain the experimental observation of geometric scaling up to 
much higher values of Q2, of the order of 100 GeV2, we studied the solution to the BFKL 
equation subjected to a saturation boundary condition at Q2 N Qf(z) .  We found that 
the scaling extends indeed above the saturation scale, within a window 1 5 ln(Q2//ss) << 
h(Q;/h&,), or Q2 < Q:/AbcD whose upper bound is consistent with phenomenology. 

However, we have to explain the reason why the geometric scaling holds even above . 

1.1.2 High Energy Behavior of Hadronic Cross Section - Froissart Bound [23 

Another important problem is to  understand the high energy behavior of hadronic cross 
section. It is claimed that the linear evolution equation such as the BFKL equation 
violates the unitarity bound (so called “Froissart bound”) and thus it is interesting how 
this can be cured from the viewpoint of gluon saturation. 

We have demonstrated that the dipole-hadron cross-section computed from the non- 
linear evolution equation (the Balitsky-Kovchegov equation) for the Colour Glass Con- 
densite indeed saturates the Froissart bound in the case’of a fixed coupling and for a small 
dipole (Q2 >> A&D). That is, the cross-section increases as (6, = czsNc/n, h = 41n2) 

The pion mass enters via the non-perturbative initial conditions at low energy. The 
BFKL equation emerges as a limit of the non-linear evolution equation valid in the tail 
of the hadron wavefunction. In Ref.[2], we provided a physical picture for the transverse 
expansion of the’ hadron with increasing energy, and emphasized the importance of the 
colour correlations among the saturated gluons in suppressing non-unitary contributions 
due to long-range Coulomb tails. We also presented the first calculation of the saturation 
scale including the impact parameter dependence. 

1.2 
Because of the asymptotic freedom and the Debye screening in QCD, deconfined quark 
matter is espected to be realized for baryon densities much larger than the normal nuclear 
Inat t.er density. Furthermore, any attractive quark-quark interaction in the cold quark 
matt.er causes an instability of the Fermi surface by the formation of Cooper pairs and 
leads to the color superconducting phase. Since the at.tractive interaction is effective for 

Color Superconductivity - Physics of’ Paired Quarks [3] 
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all of the quarks inside the Fermi sea, and i t  could be large at lower density, we can expect 
that color superconductivity at moderate density could be qualitatively different from the 
usual weak-coupling superconductivity in metal. 

In order to study the difference from the usual BCS picture, we have investigated 
the two-flavor case over a wide range of baryon density with a single model [3]. In 
particular, we carefully looked at the spatidstructure of Cooper pairs. At extremely high 
baryon density (- O(lO1op~) with PO being ,the normal nuclear matter density), our model 
becomes equivalent to the usual perturbative QCD treatment and the gap is shown to 
have a sharp peak near the Fermi surface due to the weak-coupling nature of QCD. This 
is consistent with the BCS picture. On the other hand, the gap is a smooth function of 
the momentum at lower densities (-J O(10po)) due to  strong color magnetic and electric 
interactions. Through the analysis of quark correlation in the color superconductor, the 
size of the Cooper pair has turned out to  become comparable to the averaged inter-quark 
distance at low densities. Also, effects of the momentum-dependent running coupling 
and the antiquark pairing, which are both small at high density, are shown to be non- 
negligible at low densities. These features are highly contrasted to the standard BCS 

' superconductivity in metals, but are rather similar to  the Bose-Einstein Condensate of 
Cooper pairs. We have also investigated the same problem in 2 color QCD [4] and found 
that a smooth transition from BCS to BEC really occurs as we go to lower densities. 

. 

2 Future Directions 
So far: our application of the Color Glass Condensate has been focused on the deep 
inelastic scattering where the saturated gluon matter can be attributed only to one side 
of targets or projectiles. It is however very important to challenge the heavy ion collisions 
where we have two colliding saturated gluon matters. Several rough applications of the 
Color Glass Condensate have already succeeded in explaining various data from Au-Au 
collisions in RHIC at BNL. It is tempting to think that saturated gluon matter has been 
created in RHIC, but we have to analyze the data more carefully to be convinced of that. 

The basic master equation, the Balitsky-Kovchegov (BK) equation is derived in the 
leading log resumed approximation with infinite number of colors N,. Our understanding 
of the saturated gluon is mostly based on the analysis of the BK equation, but there are 
some cases where we have to  consider the effects beyond the BK equation. This includes 
the analysis incorporating NLO contributions, effects of finite N,. Also, it is interesting 
to consider the spin-dependent version of the BK equation, because it is claimed that the 
spin-dependent structure function will get os (In 1 / ~ ) ~  enhancement instead of the usual 
single log enhancement as In l/x. 

-1s €or the dense quark matter, I think the most exciting field to work is the moderate 
density regime just above the chiral phase trnnsition. In this regime, the QCD coupling 
is not so small and the diquark correlation is expected to be large as we already found 
in Ref. [3]. This strong correlation will add qualitatively new physics in this regime. 
One possibility is the realization of so called pseudo-gap phase in QCD, where diquarks 
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form a bound state but do not condense. Also, even if the diquark pairs are formed, 
the interactions between Cooper pairs and between unpaired quark and the Cooper pairs 
will be strong. Thus we have to consider higher order correlations such as fluctuation 
effects beyond the mean field calculation. This problem is also related to the question 
how hadronization actually occurs in the presence of strong correlation between quarks. 
Deeper understanding of the consequence of strong diquark correlation wil l  provide new 
physics for the dense quark matter in QCD. I I 

I References 
[l] E. Iancu, K. Itakura and L. McLerran, “Geometric Scaling above the Saturation 

ScaZe” Nuclear Physics A708 (2002) 327; E. Iancu, K. Itakura and L. McLerran, 
“Understanding Geometric Scaling at Small x ”, hep-ph/0205198. 

[2] E. Ferreiro, E. Iancu, K. Itakura and L. McLerran, Troissart bound from gluon sat- 
uration”, Nuclear Physics A710 (2002) 373. 

[3] H. Abuki, T. Hatsuda, and K. Itakura, “Structual Change of Cooper Pairs and 
Momentum-dependent Gap in Color Superconductivity” Physical Review D65 (2002) 
074014. 

[4] K.’ Itakura, “Structure Change of Cooper Pairs in Color Superconductivity - 
1 Crossover from BCS t o  BEC ? - ”, hep-ph/0209081; G. Baym, T. Hatsuda, and 
K. Itakura, work in progress. 
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Introduction of E.xperimenta1 Group 

Hideto En’yo 
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Overview of 
RBRC Experimental Group. 

H. En’yo 
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Since the last scientific review 
committee 

We had the first beam time of polarized proton 
collision at RHIC 
- excellent achievements but need more in pol and L 

0 Many have been promoted, 3 got tenure university 
positions, 2 got promoted in RIKEN/RBRC, 3 
new corners. New students. . . . . 
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! Students ! 
New scheme (RBRC young researcher) 

Until last year, RIKEN(=RBRC) could support students only if they get salary, 
like JSPS fellow ship and RIKEN Junior Research Associate (JRA) . Otherwise 
students can stay at RBRC for only 1 month in a year. And limited only for 
Japanese University 

Hisayuki Torii (Kyoto U) JRA => J-US (not supported by RIKEN now) 
Hirolti Sato(Kyoto U) JRA=>JSPS 

Manabu Togawa(Kyoto U) JRA2 
% 0 JunJi ToJo (Kyoto U) JSPS, Nobuyuki Kaniihara (T.I.Tech) JRA2 

This caused apparent limitation for students activity. New scheme uses BNL 
Technical collaborator system, and call it as RBRC young researcher. By doing so 
RBRC can support subsistence of students from anywhere in the world while they 
are at RBRC. 
Victor Siege1 (Heidelberg) , Takuma Horaguchi(T.I.Tech), 
Yoshi. Fukao (Kyoto -U) 

are appointed now. Thanks a lot to the review committee 
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RHIC polarimeter worked excellently 
- Kazu => Osamu 

Collision point polarimeter(Loca1-pol) Super ! 
- Yuji => Abhey, Brendan -> Kyoto students (Manabu,Yoshi) 

Trigger: excellent achievement, 
- Yuji Brendan, Matthias -> Kensuke 

South Muon: well commissioned, North Muon ready 
- u u u g  T niueyuki -i- Atsuski + Hiroki 

Analysis: On going.. 
- Many + Federica, conducted by Brendan 

RIKEN/Wako activity 

n--- - I T T I  -1 - 

- CCJ 
- Upgrade Si-Strip R&D @WAKO,Pixel R&D @CERN 

KEWBelle activity 
- Matthias, Akio, Soeren + Victor,Kammi 



Introduction of Experimental Group 

Gerry Bunce 
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21 November 2002 
RBRC Review 

G. Bunce 

RBRC ExDerimental GrouD--a few remarks 

Much to be proud of ! 

RBRC Workshops led to coordinated plan between experiments and 
accelerator which resulted in the September 2000 commissioning and 
the December 2001-January 20021 first spin run. 

RBRC, with important collaborators, led the new RHlC polarimeter 
development and realization. These devices were invented for RHlC 
and work beautifully, measuring thte polarization to 2% in one minute. 

RBRC initiated and led design and realization of high rate event 
selection for spin for PHENIX. These triggers worked beautifully, 
increasing the number of events by xl00 over min-bias. 

RBRC designed and built additional beam-beam counters for pp for 
PHENIX. These worked well. 

RBRC designed special electronics to keep track of luminosity for 
each crossing for PHENIX. This is necessary for spin and worked. 

RBRC designed, built, calibrated (#at Stanford), installed a photon 
detector for very forward polarization measurements. This worked 
and we observed very large online spin asymmetry for neutrons. 

RBRC and collaborators led triggering for the PHENIX muon arm, 
and we expect to have cross sections and spin asymmetries for 
forward muons and pions. This was very successful. 

RIKEN funded the Siberian Snakes for RHIC. This was a great 
success-the first time Snakes were used at high energy. 
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We took the first data ever at root(s)=200 GeV with colliding polarized 
protons, providing our first look at the spin structure of the proton 
using quark and gluon probes. We have beautiful data, and our 
sensitivity to transverse spin effects is 1Ox better than previous 
experiments, and at lox the energy. 

And, we should be very proud of our graduating class: 

Naohito Saito, Kazu Kurita, Matthias Perdekamp, Yuji Goto 

as well as our present members. 



RHlC SPIN EXAMPLE RUN PLAN* Julv. 2002 

Year Acceleration1 P Weeks root@) LT Physics 
Polarimetry Commiss.1 

Physics 
2002 

2003 

2004 

N 
;2805 

2006 

2007 

RHlC Snakes, 
CNI Polarimeters 

Spin Rotators, 
AGS CNI Polarim. 

Polarized Jet-. 
Absolute Polarir. 

PIGS Sirerig 
Snake 

20% 8 (513) 200 GeV 

50% 8 (513) 200 GeV 

50% 8 (114) 200 GeV 

(211 ) 500 GeV 

-An, 1 a 1  .-. 200 Ge-"- 
IU70 1u ( I l l )  

( W  500 GeV 

70% 10 (115) 200 GeV 
(113) 500 GeV 

70% 10 (1/9) 500 GeV 

113 pbA-l Transverse spin, 
systematic studies, 
start learning curve 

6 pb"-l W L ) ,  A(W, A(") 
STAR, PHENIX 
Gluon polarization? 
A(N),A(NN): ppppp, BRAHMS 

80 pbA-l 

20 pbA-l? Parity violating W+? 

Gluon polarization with jets 
Direct photon? 

140 p b V  Gluon polarization with 
direct gamma 

100 pbA-l Begin W: antiquark pol. 

100 pbA-l Gluon pol.--direct gamma 
150 pbA-l W parity violation 

450 pbA-l W parity violation 

RHlC Spin Design Goals: 70% polarization, L = 2 x 10A32 cmA-2 sA-1 (root@) = 500 GeV) 

LT = 320 pbA-l for root(s) = 200 GeV LT = 800.pbA-l for root@) = 500 GeV 



The First RHIC Spin Run 

Naohito Saito 
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/,, Total fraction of the proton ,, 

spin carried by the quark I 
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RHXC pC Polarimeters --. 
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PMENIX Run 2 Statistical Projection 
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0.15i !- G=200GeV 
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IT Tsanserse Spin Physics 
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Luminosity for PHENIX-Absolute and Relative; 
A New Inner Detector for PHENIX 

Uuji Goto 
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Luminosity for PHENIX 

Absolute luminosity 
- normalization in the crDss section measurement  

6, charged hadron. JAy. ... 

We need to understand both E,,, and E~~~~~~ 
to be consistent with a;i;- - " 5 ,  aiid o?, 

November 21.2002 Uu,': Gotc (RIKEN!RBRC) 

Luminosity for PHENIX 
Absolute luminosity 
- Vernier s c a n s  

done by C-AD department 
{Angelika Drees e t  al.; 

.-.-%I?, - OS;;- - 12.6mb : vernier scans 
c7,7 = 32mh : interpoIation of world ciata 

€jBC : BBC efficiency -4 lcn :  

BBC efficiency to b e  
evaluated by dividing it: 
- BBC coincidence efficiency 
- BBC z-vertex cut efficiency 

2 NovernSer 21.2002 Yuji Goto (RIKEWRBRC) 



~ 

Luminosity for PHENlX 

- <75m Absolute luminosity 
- BBC efficiency E~P-"' = &B3cc,;:c . E&,:,: 

BBC coincidence efficiency evaluated by MC simulation 

BBC z-vertex cut efficiency evaluated by real data analysis 
= 5 1 %i &~7Bc.oir. = 44% 

Ey75c": - 
~ ~ c c o w  - 66% 

Luminosity for PMENiX 
Relative luminosity 

t ,  - - I -  
, - .  

- - _  ?=- -_ 
- A, c 0.3% measurement in 

2002-2003 run requires AR c 
0-1 % measurement 

- Grossing-sorted scalers - 4 scalers x 120 crossings 
- Min.Bias = BBC -3 NTC 
- BBC 
- NTC 
- ZDC 

Novembei 21 ~ 2002 Yuji Gcdc (RIKENFSR,C) 
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Luminosity for Pff ENJX 
Relative luminosity 
- Crossing-sorted scalers - dR = 0.3% achieved in good fills (preliminary) 

bunch-by-bunch characteristics make this systematic uncertainty 
relation with accelerator parameters ?? 

,,-'. 
- 2002-2003 run ' b b  - .  4 - additional luminosity telescope - recogging I spin flip + -1 &times better relative luminosity measurement expected 

Vi;$ Goto (RIKEN;RB!?Cj 

-c+ _-+ 

5 November 2:, 2002 

.. New Inner Detector _ .  for PHENIX ,. 

__ . .- .. ._ 

(, .. 
=z - . "'..-i _- 2 . 

. .  - . I . .. 
2004-2005 and beyond .. . 
- =, a!' . .  -- ea-.:. ,. .' I 

I d  3 . %cops-: 2; 
32r)p5-: 6: &=2OOGeV 

- A,, of direct photon 
- A, of heavy flavor 

Silicon vertex tracker 
- - straw-man design / - .:- I, ,. 

s .  
- barrel: 4 layers 

-?--I 1 i 
L.i,""ana ~ j j  I I  i 1771 e 1 & AQ-2n 

(or 2 pixel layer + 2 strip . . . . . . . . . 
- 1 pixel layer + 3 strip layers -'.> nc-. 

layers) 
- endcap: 4 layers . .  YY; 

.s:. 
. .". .. , " "..".., - - to match with muon arms 5L* .).. 

I "  

:--I- 
u. =_ 

6 November 21,2002 Yuji Goto {RIKENRBRC) 
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New Inner Detector  for PHENIX . -  
,, ..... ..... ...................... I...< ..a. ... 

*.. -.a< N: 
.. 'C'. ......... =???; 

..*,,., ..-. , 
: 3 ,  Heavy flavor I .  

- identifying displaced vertex ' , I-. - muon displaced vertex: G, - 100 Km . : .  
. .:. { . : ": ?-l-p;.L* i 

I I;: 

.. 
. !  ' 

r .  ! r.. B-+Jiyr i electron displaced vertex: G~~~ 50 urn 
..... (DCA: distance of the closest approach) :. i ..... at D,> 1 GeVic , -  ' .  , 

. I  

- open bottom +, .j,iW + ,g-,u- 
- -  

$4 1 +.I riyb7. 2 Ph&n+j-je? 
- photon detected by EMCal: 1771 c 0.35 
- jet detected by silicon tracker 

1771 
3 wider with endcap, too ... 

1 with barrel only 

- momentum resolution 
-I@ 20 ?& at pT= 0.5 - 1 GeVlc - -50-100% at&= 10 GeV/c 

3 improves with TPC ... 
- optimizing to find jet axis well enough ... 

Hovember 21.2002 Yuji Goto (3IKEWR3R2) 

1 ~ . ;. .: 1.: _.. I: .: . .i 

. . . . . . . . . .  

>: . . ...... :. L _ .  . . . . . . .  

1. ...... -... 
). L .... .-.. . . . .  - .:-----s 

._... _. _ ...... ~ _ 8 . .  ..... 

New Inner Detector for PMENlX 
Novel silicon microstrip detector 
- by Zheng Li (BNL instrumentation div.) 
- telescope with prototype sensor  - cosmic-ray signal w a s  observed ! 

beam test will be  done  a t  KEK in December f 

c_.l ^_. _ _ I  ~ , ' . ~  ".."_".?" 

I - " .  ..1.__. .- ................. - . 

-.. "....i- . . . . . . .  - .. - ? .  , . . .- _ -  . . . . . . . . .  . .  

November 2:,  2002 hj: Goto (R1KEN:RBRC) 
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PHENIX Triggering and B'elle Fragmentation FUIIC~~QIIS 

Matthias Grcrsse Perdekamp 



PHENIX Triggering and Belie Fragmentation Functions 
Grosse Perdekamp, RBRC/UIUC 

Trigger lavout d and oraaniaation U 

Physics and trigger channels for the 2003 PHENIX Run 

Belle: Status of Fragmentation Analysis 

- t$ November 21,2002 PHENIX Trigger and Belle Fragmentation 



I PHENIX: Spin Trigger Needs ! 

0 Selective ~~~~~~~,~~ 1 ,i 2 
Raw rate: up to I O  MH 

w Evt Bldr/Lvl 2 bandwidth: 
12kHz (for -15 physics triggers) 

-> Rejection needed: I O 4  

r 

Q Further reduction at level 2 to 
reduce data volume and 
Offline computing load: -1 0 

Soti tll North '\ 

November 21, 2802 PHENIX Trigger and Belle Fragmentation 
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EMC Trigger Pe ance 

,, Efficiency no trigger efficiency 

w 

I 10 c 
I 

0 They are uniform across a,B:- 

the calorimeter :I 1% ad - ' a) 

The trigger efficiency u. 

. I !  
... 

I 

I k ; i  hM ' 
x 0% 0 r' 1c" ckata 

a,$- 
a.3 <- .-. 

I * ( * * I  1. 

saturates at r3GeVlc 
Min. Bias data for 1- # . P  ---* - 

I 

pt 4 bh) 

November 21,2002 PHENIX Trigger and Belle Fragmentation 



The Level 1 in 

Level I Channel 

electron trigger 
(EMCxRICH, E>I.SGeV) 

photon trigger 
(EMD3GeV) 

Jet 
(EMC Multiplicity) 

Others 

Total 

PHENIX bandwidth 

Rates 

4kHz 
R=3000 

0.3kHz 
R=40000 

GkHr 

ZkHz 

. .  . - 

12kHz 

November 21,2002 PHENIX Trigger and Belle Fragmentation 



Muon TriggerlSpectrometer Upgrade 

W Production in pp 

Measurequark and anti -quark 
polarizations in the proton : 

R .  l(111 , =OOmb~2~lO3*crn 2s-' = I2MHz 
bandwidth into DCMs = 12 kHz for 

severalrare event channels 

3 Need Rejection of I @! 
- -  r 

Gluon Saturation in dA 

Measure the A-dependence of the 
gluon distribution at small x: 

o Survey the dependence of nucleon 
structure on the nuclear environment. 

o Search for gluon saturation at small 
x: 10-3<x~10-2 

o Survey initial state for til high pT 
physics, 

Y Level 1 trigger in AA 

Study color screening effects associated 
with QGP production in I' quarkonium 
states: 

The seperation of the r'( I S) state from 
the r'(2S) and Y'(3S) states requires good 
invariant inass resolution (1 OOMeV) and 
requires long runs at as high as possible 
integrated luminosity. 

November 21,2002 PHENIX Trigger and Belie Fragmentation 
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(I) Staged approach: a) first 500 GeV run in 2004 : hodoscopes 
b) max. Luminosity in 2006: full upgrade 

Plans: 

(2) Maxima scope: 
a) new LLIILI .5 electronics 
b) two tracking hodoscopes 
c) instrument MuPr anodes 
c) segmented nosecone calorimeter 
d) Cerenkov 

(3) Interested groups: o RBRC (B. Fox, A. Deshpande) 
o Kyoto (N. Sait0-f-students) 
o RIKEN (A. Taketani) 
o Columbia (C. Chi) 
o UCR (K. Barish, R. Seto,l postdoc + I summer student, shops) 
o UlUC ( JCP, MGP + I post doc + I student, support from NPL) 
o Iowa (J, Lajoie , J. Hill+ I student, 2 engineers) 
o Ecole Polytechnique (M. Gonin, 2-3 engineers) 
o UNM (D. Fields+students, shop) 
o BNL (E, Kistenev) 

(4) Funding: a) UlUC NSF + startup ($120k f $80k) 
b) Kyoto (requested $300k) 
c) RIKEN/RBRC ? 
d) IN2P3 ? 
b) NSF MRI grant: Consortium of UIUC, ISU and UCR ? 

November 21,2002 PMENIX Trigger and Belle Fragmentation 
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RBRC Activities 

FF analysis 
(Kazumi Hasuko, Viktor Siegle, 
Akio Ogawa, Soereri Lange, MGP) 

o identify 2 jet events 

o charm suppression 

o study "hadron cuts": 

I . 3  

6 
u3 

o reproduce spin average FF 
for charged hadrons 

o first look at asymmetries 

o expect first results on Collins 
FF next spring. 

SVD-DAQ 
(Kazumi Hasuko) 

Co m m u n icat ion 
between Vienna 
FADC boards and 
commercial PCI 
based F'PGA card. 

in Belle 

MC-production 
(Kazumi Hasuko, Viktor Siegle) 

'T'otal MC: 9.3tb-I 

2002113/13 14.20 
Curtwtt Ttrlolr 9,3 &" 

10 

9 

8 
7 

-20 -15 -10 -5 0 d J 42 0 

4 3.5 -3 -2.5 .2 -1.5 -1 -0.5 0 
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Level 1 Triggering for the PHENIX Central Arms 

KensukLe Okada 



Level 1 Triggering for the 

RBRC Rcview Kensukc Ctkada (RIKEX) I 

PHENIX Central Arms 

Kensulre Okada 
(RIKEN Wako, Saitama, Japan) 

EMCal-RICH trigger 
Trigger for 

electrons 
I h*s 1 PT 7’s Physics 

OAG from ALL (of d:irect y, no +2y,h*) 
OAq/q with W production asymmetry (W-+ev) 
OAG from charm production asymmetry(charm+evX) 
OpQCD test through AN (no +2y,h*) 
*Comparison data I G e a v y  Ion collision (9 +27’,h* ,J/y +ee 

pp run in run2 
(‘0 IDec-’O2Jan) 

Rejection power requirement in run2 
averaged trigger rate : -20kHz (ma 75wz) 
DAQ bandwidth : -1 kHz (200Hz assigned to this trigger) 

.c factor IO0 was needed 

RBRC Review I Nov21,2002 
Kcnsukc Okada (RIKEN) 2 
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I Concept of EMCal-RICH trigger 

RICH 

1 -  , ..: a- A 
U'ol uarr.v,w Enu 

PHENIX central arm 
2 types of EMCal (PbSc, PbGl 

y(#) :EMCal 
Electron : EMCal and RICH 
h* : EMCal and RICH (through hadronic interactions) 

RBRC Rcvicw Kcnsukc Ohda (RIKM) 
No\- 2 1 2002 

I EMCal trigger 

2x2 

" has 3 thn 
4x4a 
4x3b 
4 x 4 ~  : not 

eshold settings 

used in this n: 

Kcnsukc Okada (RIKEN) 4 RBRC Rcvicw 
Nov 21.2002 
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Trigger Perfbrmance Check 

Live channel ratio 
= -75% due to hot channel mask 

*Turn on curve 
(important for the rejection 

RBRC Rcvicw 
Nov 21,2002 

Kcnsukc Okada ( R I m )  

power) 

5 

Trigger Turn On Curve 
I 

A: PMT gain variation = 18% for PbSc 
B: Trigger circuit "noise" 

Comparable to the gain variance 

Dominant source of turn on width 

6 

I 

I 
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I 

I Rejection Power of EMCal Trigger 
I compared to the MC simulation with sharp turn on. 

2x2 
10' 

I lo 

.... ..... ....... ....... ................ :-...-. g/ , )...., vr ..... + ....... i ....... + ...... -i ....... + ....... i ....... 4 ....................... . . . . . . .  
! . . . i . . . i . . , i , , . i . , . i . , . i .  . i . . , i .  , ~ . . , i  . I 0 0 2  0.6 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

threshold[GeV/tile] than expectation because of 
wide turn on curve. 

RBRC Review Kensukc Okada (RIKEhT) 7 
Nov 21,2002 

Profits in Various Channels 
from EMCal2x2 tri,ager 
-4Onb-' 

PHENIX Preliminary 
Proton-Proton 
2x2 Tile Trigger 

Mass(ee) 
RBRC Revicw Kensuke Obda (RIKE 1 

0 2 4 6 8 '  
~~ 

Nov 21,2002 
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Summary 
EMCal-RICH trigger was newly instailled at PHENIX RUNZ. 
EMCal trigger 

-75% worked properly 
Turn on curve width came from Ph4T gain variance and trigger circuit. 
Physics results on no, h*, J/w, etc 

-1 5% of RICH trigger units worked properly. 
RICH trizger 

For the next run (RUN3 JanuaryJOO3) : 
Luminosity : - 2 0 ~  RUN2 

We will be in severer condition. 
DAQ ability : -5x 

+ raise the live channel ratio (RICH p;ut is already solved the problem. 

+ EMCal-RICH coincidence + reduce the turn on width 

EMCal will be improved by some card replacements.) 

RBRC Review 
Nov 21,2002 

Kcnsuke Okada (RIKEN) 9 



no and ET Measuirements at PHENIX 

Alexander Bazilevsky 
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no and E, Measurements at 
PHENIX 

Alexander Bazilevsky - 

RBRC Scientific Review Committee Meeting 
November 21-22,2001 

Run-2 results 
Polarized p-p at ds,$OO GeV 

.nO cross section 
Provides a testing ground for jQCD 
Data baseline for heavy ion physics 

Coming soon 
.nO transverse asymmetry (AN) 

Au-Au at ds,,=200 GeV and 19 GeV 
(and at ds,,s130 GeV in Run-1) 

0 Energy density 

0 Transverse energy scaling 
*JdV 

dEJdq and <E,H<N*> vs ds and N,, 
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High pt Photon Trigger 
See talk by Kensuke Okada 

EMCal has two sums to collect photon shower 
- 2x2 towers non-overlapping sum (threshold at 0.8 GeV) 
- 4x4 towers overlapping sum (thresholds at 2 and 3 GeV) 

x0 measurement w / m w  is shown in this talk 
- Enhances high-p, nO by a factor of 90 over mih-bias-sample. 

I 

2x2 

4x4 

n;O Reconstruction in DD 
I 1.1 

p,(yy) > 3.5 GeVh 
RHIC run2002 proton-proton run 

2ooo - Integrated luminosity 0.15pb-1 
- Analyzed luminosity 0.03pb-1 

half ofruns are analyzed. 
Vertex position cut +/-30cm 
Sample Size: 140M events 

Analysis 
5w - 5 EMCal sectors (of 8) are used in this 

1 PbSc needs fine tuning of calibration 
2 PbGl results coming scan 

analysis 
0 

0 0.1 0 2  0.3 0.4 0.5 0.6 0.7 0.8 0.9 I 

M (GeV/cS 
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.icO Cross Section Measurements 
- 
(Luminosity normalization) 

Tp efficiency in Min. Bias trigger 
(Slope correction for Min. Bias trigger) 

I I 
SO%, flat forp.? 3GeV 

n0 efficiency in 2x2 trigger 
("turn-on" curve for trigger) 

I \  

Ndraw CpT) C,'"c"lpT) 
Acceptance and efficiency corrections 

1.~0 Cross Section I 
I 102b 

o Cross section measured 2101 B 
over 8 orders of magnitude 1 

- l-13GeV/c 

Minimum Bias(MB) trigger 0 I 0 

rigger 10%- 

i n - L  m o Two triggers 
. ~. - 

0 

2x2t 
0 

0 

c 
P 

o 

02 
Normalization error o.l 
of 30% not shown. 0 

2 4 6 8 10 12 14 
p,(GeVk) 

I -. They are consistent within 10-'1 
systematic error. I 

0 

9 I I  

02 
Normalization error o.l 
of 30% not shown. 0 

2 4 6 8 10 12 14 

I p,(GeVk) 
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no: Comparison with QCD Calculation 

NLO pQCD calculation 

- Potter-Kniehl-Kramer 
fragmentation function 

- CTEQ5Mpdf 

- = PT12, PT, 2PT 
Consistent with data within 
the scale dependence. 

:I **$r, 1 Nonnalimtion error 
of 30%notshown. 

2 4 6 8 10 12 14 

no: pp vs AuAu (peripheral & central: 

"..f -__ '.- f 
P H E N E  Preliminary 

EO yields from pp scaled by NcOu 
7 . - e  

no AuAu @2Q)GsVp-10%] 
sc pp @ m0 GeV ~ w l l ( O - l O % )  
Uncatrinty in N pp scdng ~ 

i 
*. 
4 0-1 0% CENTRAL 

v N,,, ~975294 
*. 

* Y  

0 1 2 3 4 ~ 6 7 a s  
x* p, (GoVk) 

Consistent with Nco,, scaling 

'2, , , , , , , , , , , PHENIX Preliminary 
rod 

0 2 4 6 8 10 
Y+ p, (GoVIc) 

Large suppression 
(increasing with pT) 
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~ 

Conclusion: EO from pp 
0 no cross section measured 

J p ,  from I to 13 GeVlc. 8 orders of magnitude change 
results fiom two triggers (Min. Bias and 3x3) are consistent within 
systematic error 

0 Comparison with NLO pQCD calculation 

0 Comparison to AUAu data 
pQCD calculation agree with data 

J no yield in peripheral collisions consistent with N,,-scaledpp results 
J High-p, n0 strongly suppressed in central collisions compared 

N,,,,-scaled p p  results 

D AN results at low xF / high pt coming.. . 
R A,, (AG) in Rm-3 

Transverse Energy Measurements in Au-Au 

EMCal is “almost” hadronic 
calorimeter: 

EEMc= 1.0. Eta, for y, no 
EEMc= 0.7- E,, for IT* 

EEMc j E ,  transformation: 

ET= 1 .23-E,EMc 

EMCal absolute energy 
calibration 

MIP (min. ioniz. part.) peak 
Elp matching peak for e’ 

-b 
9 mass peak 

:u 0 0.7 0.2 0.3 OA O S  

M (GeV/ez) 
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I E, vs Centrality at dsw=200 GeV - .- I 

Define centrality classes 
Zero Degree Cal. vs Beam Beam Counter 

% -  
Extract N particip 

Glauber model 

1 dE, 1 0' 

10' 
Energy density (Bjorken): E=--- 

d2. dy 
10 

2% of most central collisions: 1 

0 7 M  

E- 5.5 GeV/fm3 -1.9xCERN 

E,: dsNN= 200 GeV vs 130 GeV 

Fiit: aEdd 7 = Nparia: 
WA98 at dssh.=l 7.2 GeV: a=l.08+0.06 
PHENIX at dsS3=130 GeV: a=l.18+0.05 
PHENTX at ds,,=200 GeV: a=1.19+0.05 

dE,/id?,~ per participant increases with centrality, 
the increase is stronger than at SPS 

u1 

t I 
0 1 0 0 2 0 0 3 0 0  

For the most central collisions: 
~r I 

ET(2ooGev) = 1.145 0.02 
ET (1 30 GeY) 

The ratio R(200/130) consistent with 
I . , , . , . I constant s d g v s N , ,  

'0 1w 200 300 
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PHENIXK = 130 GOV 
WA98 G = 1 7 2 G e V  

loo m 3w 4m 

N, 

Independent from centrality 

t 

Independent fiom energy 

PHENIX preliminary 

€ €  
1 

a PHENIX 
rn NA49 
0 WA98 
Q E a i 4 i a n  

Conclusion: E, from AuAu 

0 

0 

0 

0 

Centrality dependence of particle dE,/dv have been measured 
at dsNX = 130 GeV and 200 GeV in Au+Au collisions 

dE,/dq per participant increase with centrality: 

<dE,>/<dN,> is near independent of centrality and of dsm 

The ratio R(200/130) consistent with constant scaling vs NpDr 

J VsLv-v = 19 GeV results coming. ~. 

J the increase is stronger than at SPS 
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Charged Particle Me[asurernents at PHENIX 

Federica Messer 
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Charged particle measurement 
in Phenix 

Experimental setup 
0 Complex multi-purpose 

experiment 
2 central arms 

w - 0.7 11nits of pseudorapidity 
W - 2x90 degree in phi 
vl 

2 muon arms 
- For- and back-ward rapid. 

0 Tracking performed outside 
the field by 2 drift chambers 
at 2m from vertex 

0 Good momentum resolution: 
-1% p[GeV/c] in the high 
momentum limit 

h4uh 
Mentiiffir 

11/20/2002 Federic Mess-r 



Particle identification 
PHENIX has excellent PID capability: . . EMC: 450ps 

TOF : 110 ps time resolution 

e Allow to separate pion/kaons up to 2GeV/c 
and proton/kaon up to 4.5GeV 

!e 
E: 

PHENIX High Resolution TOF 

n+ Au+Au 5 = 200 A GeV 

P 

I d  

10 

1 

10 15 20 25 30 35 40 45 50 55 60 
Time of Fllghi Ins] 

0 2 RICH detectors: . 
9 

Mainly to perform electron/positron identification 
Above p = 4.7 GeV/c, pions emit Cherenkov light 

- 
- 

Identify charged pions over a wide range 5 to 15GeVh (kaon threshold) 
Granularity not good enough to reconstruct rings 

11/20/2002 Federica Messer 



Background 

PHENIX background 
0 Since we track outside the field: \VCSl Iiust 

Momentum is represented by the angle of the track in respect to 
a trajectory coming from the vertex 

I All particle decays and photon conversions that happen just in 
front of the DC (small residual field) suffer a small deflection w 

Ln 
Ln 

Reconstructed as “fake” high momentum tracks. 
Solution: . Use the small residual field bending and IO‘  

IO’ 
. Outer detectors (PC3 at -5m) match 

- Up to 6 GeV on a track by track basis 
Above 6 GeV to 10 GeV on a statistical basis. 

Use deposited energy in EMC 
- i o 2  

I O  

. 
11/20/2002 

Variable energy cut (E>0.165+0.33*p GeV/c) 

180 m 220 240 
ridlal posltlon of secondtry vertex (crn) 

Federica Messer 



Not just talking ... 
Run 1: 

2 Heavy Ion at 130GeWc: 
I Pioneered the charged particle analysis 

- Developed tools and standards 1 
I 

QMO1 talk and 2 papers : 
* 
* 

Suppression of hadron in central collisions (PRL) 
Centrality evolution of cross-section and suppression (server) 

0 Transfer of "know-how" to students 
Run 2 : 

- I  

Au+Au \'s,,,= 130 GeV 
cantrat 0-10% .+,,,.. _............ " ,...,... I.... 

. .  
utuCERN4SR ,/ 
. x- 

W wl 
Heavy Ion (still in S.B.) at 200 GeV/c: 

rn Charged particle analysis performed under my PHENIX preliminary 

supervision by a Stony Brook student (J.Jia at QM02) 
q Au-Au @ 6 = 200 GeVlc - A paper is in preparation 

I 

transverse momentum using the PHENIX RICH. 
Pioneered the charged pion analysis at high 

- 
- Data presented at QM02 

Developed new tools to fight background (EMC) 

PP at 200 GeVIc : 
helped Kensuke in charged particle anal. (SPIN02) 

0 2 4 6 8 10 
P T  (Gevlc) 

11/20/2002 Federica Messer 



w cn 
4 

0 

0 

What’s cooking ? 

Last months have seen a lot of activity on data 
Cross-sect ion measu remen t 

- Near to release the first data after: 
* 

fundamental measurement / reference for Heavy Ion (PHENIX) 

Learn and develop the tools and technique for the future 
Transfer of information and knowledge acquired in the past 

finalization of calibrations and corrections 
- 
Proceed in the transverse asymmetry analysis: 

- 
- 
- Understanding of detector asymmetries 
- Heavy software developments needed 

- All depends on statistics 

N 

- 

Charged particles, charged pions, etc.. on the TO DO list 

Develop ideas to fight background on a track by track basis 
W New and simple detector 

11/20/2002 Federica Messer 



Soon will be time to eat 

A new run is at the door, 
we hope to have soon all the tools ready for a fast data analysis. 

Students (Kensuke and Frank) and fellows (Brandon,Abhay, Yiji, myself, 
etc ...) shared (and will continue to share) the work on charged 
particles analysis. 
9 discussing, suggesting and running code 

w 
cn 00 

We are tightly connected with the HI part of PHENIX and it is important to 
participate actively to analysis meetings and learning as much as 
possible about the technicality (hardware,software, calibrations, sa) 
such that the physic results can smoothly follow. 

1 1/20/2002 

Buon Appetito !! 
(Enjoy your lunch) 

Federica Messer 



Polarimetry for RHIC 

Osamu Jinnouchi 

3Ei9 



Polarimetry for RHIC 

Introduction 
Digest of the successFul Run-02 performance 
Prospects for Run-03 and after 

Polarimetry systems over RHIG facility 
... ...a. $.... ..... --;- . -" . . .  __. 

f,? .............. . 1 % :  ... .._..... 

Siberian Snake 

New AGS pC CNf pofarirneter 
1: from Run-03 1 

Zr In polarized proton run, polarimeters se rve  as: 
r Fast polarization monitor for accelemtor 
E Primary polarimeter to normalize the physics asymmetries at experiments 

Fast (4 min) and reliable mezsuremiints are required 5 
.... " ............. " ............. __ ........... "_ ....... l._ll.." -_ ...................... ~ ......... . I...1" ............................................... 

llj2 1/2002 RBRC REVIEW (0. Jinnouchi) 
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RHIC CNL polarimeter setup 
- .  I .  . - 9  ~ .I ' . *  - :"I  " .. xc n5*r L , ' , 'I 

. ._ . . . . .  
. .  

Z Successfu! commissioning in Sep.2000 
Z 
3 

Started operation o n  both rings from Run-02 
Silicon strip detectors (SSD) are  instalied at 8 
ports on the vacuum chamber 

. .  

- _. , .......... 
. .  

"I..__--- 

26RC REVIEW (0. Iiinnouchi) 3 lij2ij2002 

- 
2 Counting the recoil carbons ai 90 degree in 

lab frame 
Calculate ihe left-right asymmerry of the 
counts 

- f - 

Z Analyzing power is known from an AGS 
experiment (E950) - 1.3% 

Carbon ribbon 
tarset 

Top View 

Polarized proton 

Recoil Carbon Detection 
At -90 degree in fab frame 

i 

# 3 

= - 3..-'.,i 

................... . ................... ._ ................ I ..................... .- - .  

1112 i/200 2 RBRC REViEW (0. Jinnoucni) 
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Wave Form Digitizer (WED) 
, , , 'd~>",,', _. 4' "4 -+'';$" ~ -* ._ *: a ,' "'7 . 

New feature used from Run-02 
Dead time less readout system for a 
very high rate measurement 
Consist of high frequency video ADC 
chips and Xilinx FPGAs 
Wave form digitization eveiy 2.4ns 
Time of flight and max pulse height 
are  determined in real time 
Carbons are selected with look up 
memory table on board 

2UM events are obtained within 
frninute 

inside FPGA 

WFQ Signal 
Time of flight fT) 
Pulse Height {E) 

20 Memory map in WFQ 
Carbon selection using 
Look Up Memory Table 

-___ - _ _  -- 
11/21/2002 RBRC R E K E W  1.0 Jinnouchi) 5 

First polarization a t  IOOGeV / phi asymmetry 
8 .  

_uL 

Polar:zaMtior. vectors for 3 
succ~?ssive runs a: 1WGeV 

i.535 

r; 
L 

<normrA::ed by lvmincsiry ratio) .......... ..... __ __ ... 
51s . 5 

Ti .......... 3 .+32.SZ-E ,. 0 'fizS€$" 

f 

UpDown luminosity ratios for six 
detectors a r e  fit with sine function 
Phi-asymmetry shows the clear angle 
dependence of analyzing power 

1 112 l i2  00 2 RBRC REVIEW (0. Jinnouchi) 

363 



< 3 
- 
E- 

14 15 16 77 75 19 20 27 22 23 25 25 25 
Y-LSQ Hour c x-LSO 

Z 

5 

G 

X asymmetfy (physics) and Y asymmetry (false) are  
plotted as  a function of the bean lifetime 
Measurements are  at injection. after acceleration, and 
iwwo hours e a c h  at ? OOGeV 
Beam Intensity w a s  lost, but t he  polarization kept stable 

...... ................... .. I 

7 11/2lj2002 RERC REVIEW (0. Jinnouchi) 

Plan for run-03  and  after 

Run-03 
Z 

Z 

Z 

RHIC Down ramp for an analyzing power 
calibraiion zt 100 GeV 
AGS polarimeter for a fast feea-back to 
AGS operation 
The first measurement a t  250GeV 

Absolute calibration using the hydrogen 
jet target 

A f t ~ r  Run-04 
C 

I__ ... ..... ._ ....................... _-.- ............... .----.--- 

I 1!2 1/2002 RGRC REVIEW (0. 3innouchi; 
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I Summary / Outlook 

RH IC polarimeter worked beautifully during 
the Run-02 
Two Siberian snakes worked, stable proton 
polarizations at 100GeV were measured 

Down ramp measurement is the key issue 
for Run-03 
New polarimeter for AGS, and the hydrogen 
gas-jet target are coming 

11/21/2002 RBRC REVIEW (0. Jinnouchi) 
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Local Polarimeitry for PHENIX 

Brendian Fox 

367 



Measurement of single transverse-spin asymmetries 
in forward production of photons and neutrons 

in p p  collisions at &=200 GeV 

Brendarr Fox for 
the Local Polarimeter Collaboration 

A.Bazilevskya , L . Blandb, A .Bogdanovf G .Buncea7*, A .Desphpande’ , H .En’y0~7~, 

M.Liue: Y.Makdisib, R.Mut0~7~, S.PJurushevg, E.Pascuzzi’, M.Purschkeb, 
N .Sait oa7c,d, F . S a k ~ r n a ~ , ~ ,  S.St ollb , K .Tanidac, M . T o g a ~ a ~ ? ~ ,  J . Toj od, Y. Wat anabe‘ , 

C .Woody 

B . Fox”, Y .Fuka0~7~, Y. Got J.Haggertyb : K.Imaid, W. L e u *  ? D .von Lintig” 

a MKEN BNL Research Center, Brookhaven National Laboratory: Upton, NY 119730-5000: USA 
Brookhaven National Laboratory, Upton, NY 11973-5000, USA 

FUKEN, F$’ako, Saitama 351-0198, Japan 
Kyoto University, :Kyoto 606-8502, Japan 

e Los -4lamos Nationd Laboratory, Los Alamos, NM 87545 
f Moscow Engineering Physics Ihstitute (State University Russia) 

9 Institute for High Energy Physics Protovino (Russia) 
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Introduction 
Motivation 

Manv interesting 
J v measurements of single 

transverse-spin asymrnetnes 
in lower energies; .. . 

0 . .  would like to 
at High knergv 

see if such effects persists 
Js=200 GeV. 

U J  

0 0.2 0.4 0.6 0.8 B 

The E704 experiment 
at Ferrnilab 
> pp -> 7 T ' O  x 
> B= 19.4GeV 
' PT = 0.2-2.0 GeVk 

D.L. Adams et a,?., Phys. Lett. B264 (1991) 462 
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Experimental Setup 
1800cm 1800cm 

< 
$ 2  G 

lOcm 

Based System 

I 
HMS 

V 
spin rotators STAR "Siberian Snakes" 

Dete.ct neutral particle in forward region 
>EM Cal-Based System Photon, no,  Neutron 
>Hadron Cal-Based System- Neutron 

>Beam-Beam Hodoscope - Separate beam collisions 
from beam gas events. 

3711 



Y c,. 

Experimental Setup 
(EM Cal-Based System) 

Neutron Counter 2 
(Plastic Scintillator) 

I 
Neutron Counter 1 Steel 1 
(Plastic Scintillator) EM Gal Performance 

Calibrated with 

\ (PbWO4 2x2x20cm3 

... ... ... ... 
ii! ... ... ... ... , BeamTestatSLAC 
... ... 
: a :  ... ... ... ... ... ... ... ... ... ... ... 

.,i ... ... ... ... ... AE/E-~o/& yo 

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

... ... ... ... noise-1.4GeV 

... ... ... ... ... q 
>> 

Ax=Ay-O.l5cm (y) 

Charge Veto Counter 
{Plastic Scintillator) 

Ax=Ay-0.5cm (n) 
(simulation) 

Particle ID Logic 
y = ch-veto x n-counter1 x n-counter2 

Purity - 98% 
n = ch-veto x n-counter1 x n-counter2 

Purity 

Succeed in 
E* Reconstructi 

AM/M=9.3% 

- 89% 

.on 
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Experimental Setup 
(Hadron Cal-Based System) 

Performance 
AEE-40% to 50% 
at E>20GeV 

Ax-3 to 4cm 
(post-shower) 

Particle ID 
n = y-veto 

Lead Block Hadron Calorimeter (RHIC ZDC) 

Gamma Veto Counter Post-Shower Counter 

23cm ' ' V  

373 



IT Oand Inclusive Photon 
Asymmetry 

Inclusive Photon Asymmetry Average beam 
polarization is 
-11% for EM C d  
-18% for Hadron 

Analyzing Power 
is small. 

Cal 

no Asymmetry 

Analyzing 
consistent 

Power is 
with 0 
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Neutron Asymmetry . 

EM Cal 

<AN> = -0.109~0.01072 
additional scale error (due to beam pol error) 

Hadron Cal 

<AN> = -0.110 0.015 
additional scale eirror 

EM C d  and Hadron Cal are consistent 
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Neutron Asymmetry 
Q distribution 

= 4 2  

square root formula is used for 
9 dependent asymmetry 

(for example red area, blue area) 

EM Calorimeter 

<AN> = -0.108 kO.0087 
additional scale-error 

-dependence is consistent with sin Ct, 
37 6 



Summary 
1) We measured single transverse-spin 

asymmetry in forward production of 
photons and neutrons in z p  collision 
at &= 200 GeV. 
> n;OAsymrnetry : 

consistent with 0 within error. 

> Inclusive photon Asymmetry : smalll. 

> Neutron Asymmetry : 
observed and its analyzing power is 
-0.109 * O.O07:! for EM Cal 
-0.110+0.015 for Hadron Cal 

(additional scale error). 

2) Modified Hadron-Cal Based System will be 
installed at PHENIX Collision Point for 
Spin Rotater Commissioning. 

37 7 



South Muon Arm Olperation in 2001/2 and 
North Muon Arm Construction 

Douglas Fields 
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PHENIX South Muon Arm 
Performance and North Muon 

Arm Status 

Douglas E. Fields 
UNMIRBRC Fellow 



South Muon Arm Performance 

9 Run-02 
- Some HV & Readout Problems 

Repaired over last shutdown 

PHENIX recorded 24 mb-I of Au-Au data 
-* Au-AU 

CJ 
03 
N 

- polarized p-p 
RHIC delivered 7OOnb-1 to PHENIX 
After an online vertex cut, PHENIX recorded 150 nb-I 
Present preliminary analysis used data from: 

81 nb-I (I .7 x 109) p+p- (Hiroki Sato) 



PHENIX Preliminarv 
JIY Analysis, H.Sato 

L PHENIX Preliminary .- 
1.2eyc2.2 c I 

' t Sigma: 0.257 +- 0.075 GeV 
I 

W c I I I I 

1 .% - 8 t  
E5 = -101 

3 1  2 3 4 5 
Dimuon Invariant Mass (GeV) 

2 

1.5 

1 

0.5 

0 

; 
+-' 
E 
I 

3 5  
r 

L 

9 1 Red: unlike sign pair 1.2<y<2.2 
20 T Blue: like sign pair 

(7 
cr! 

t l  
Dimuon Invariant Mass (GGV) 

PYTHIA <k'T>-0.8GeV/c 
Lower Energy Experiments ~ - - - - - + - - - - - l  

PHENIX preliminary (1.2<y<2.2) +.-x.---: 

25 50 100 200 
Center of Mass Energy (GeV) 
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Summary 

0 South Arm performed well in Run-02 
- J/Y’s in p-p data 
- Data analysis ongoing for Au-Au data 

- Installed. 
- Commissioned 

W 
00 
VI North Arm ready for Run-03 

Software status improving, ready for 
analysis. 



Muon Arm Alignment for 2!001/2 and Optical. Alignment 
System Construction for the North Arm 

Hideyuki Kobayashi 



E er 
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Relative station alignment requirement < 25 urn 

0 Initial al ignment using z e r o  field s t ra ight  t racks  
- Cosmic ray data. - Not enoght statistics 
- p-p collision data. - Good statistics 
- Au-Au collision data. - Tracking code did not work 

0 Real time alignment 
- Optical alignment system 

[z How to extract alignment constants 

' 0 Zero field pp data. 
- Run 40321,40322,36597 37576 
- 4800k triggered events. 
- 46k straight tracks (-1 < Residual at Station-2 <I cm). 
- 2.4k straight tracks with MulD roads. 

0 Track candidates reconstructed by taking combination of 

0 Look at Residuals 
Stubs from 3 stations in each octant. 

- X-residual -> ds, Y-residual-> dr 
- Y-residual vs ySlope or X-residual vs xSlope -> dz 
- X-residual vs Y -> Roll 

.-. - 

11/21/2002 Hideyuki Kcbayashi 

390 



ALIGNMENT CORRECTED 
BODY CENTERED FRAME 

Translation 
- (ds, dr, dz) 

0 (dx,dy,dz) in the half 
octant or  octant 
frame. 

Y 
BO.DV CENTERED FRAME 

/ 
(ds. dr, dz) 

' X  

z 

X 

Pitc 

L; 
Rotation. 
- (Roll, Pitch, Yaw) 

0 (ex, By, 02) in t h e  HALF OCTANT OR OCTAFrr FRAME 

body centered frame. 

11;21/2002 Hideyuki Kobayashi 

gq; ks L-p- .S+>X Station-I z position correction 

4 Chi2Indt=Mld9136 
, *Ob =O.OO(POH 

0 Y-residual vs ySlope at 

0 Non-zero slope larger 

y 2k . 
G I.& . Before 
u i !  

than 1 mmll m was found 
in all octants. 

.,si 

' -1 ' ' 'I, 4.8' 4;' ' mope  [cml 
0 2mm z position mistake in 

the station-I survey data 
in the libmut found. 

0 The database in the 
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North OASYS Oct: 15-18:41 OASys First Datia 
I 

control stability using the 
GPIB-ethernet adapter. 

0 Improved image shape 
with optimum focal 
length using custom 

0 Fibers for light beam 7, 
14,21, 35,49 is broken. 
It is OK since there is a 

4 . m  .wm .-&zIDI w.3 e a  ng'sLs WYlg 

Hideyuki Kobayashi 11/21/2002 

, , .., li. . . . -..Y*./AL-..&L-L ' '. ~ . . . . - i .. ... .. - . .. .' . ... . - ~,~ .... ~ ._..., ;,,-.< :;,: ..., ._ .. , .. . 

nment change during lampshade installation 

Just after 
lampshade panels 
installed 

-..= <..-. 

Hideyuki Kobayashi 11/21/2002 sx: 
<.-2.?; 



0 Alignment of the muon tracker was looked at 
using 46k straight tracks out of 4800k triggered 
pp collision zero field data. 

0 Station-I z-position was corrected for 2mm. 
0 Half octant correction to a zero field data 

improves residual distribution. 
0 Construction of the optical alignment system for 

the north was completed. 
0 Alignment change during installation of the  south 

lampshade panels was observed with the optical 
al ig n me n t s ys t e m . 

Hideyuki Kobayashi 11/21/2002 
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Muon Measurements at PHENIX 

Atsushi Taketani 

395 



Muon Measurements at PHENIX 

1. 
2. 
3. 
4. 

Atsushi Taketani 
itIKEN RIKEN/RBRC 

Motivation 
PHENIX Muon Arm 
An a I ys i s 
Summary 

Atsushi Taketani RIKEN/RBRC 
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Major processes for probe 
Process Signature 

h e  

Gluon Compton High-Pt prompt y 

Charmonium e+e- p+p- 

7 
Open Heavy Quark e+e- p p -  ep 
Light Flavor e, p, Charged Hadrons, pi0 

I' 

VI 

W boson (Z,Drell-Yan) 

Atsushi Taketani RIKEN/RBRC 

High-Ptp e, 
e+e- p+p- 



Physics'of Single Mu(A N) 
Physic of J/Y - 

- LEFT-RIGHT asymmetry 

-0.2 

-0.4 

Large asymmetry at high XF 

Transversely polarized beam Determination of Production Mechanism 

- 
C .  rn 

-.  - .  5 .  

'. 3,. 
m '.\ t,,, - ds = 20 GcV, pp 

- 

\ -  

, - Atsushi Taketani RIKEN/RBRC 
- I, = 1.6 ccv 

, If. XF A = 70 MeV 
~' " " " I . '  " I '  " ' " " 

- Possible origins Color-Evaporation Model 

Siverse Effect Color-Single Model 

Color-Octet Model Higher Twist 
Final state fragmentation 

Gluon Polarization measurment - Collins effect 

.P 0 0 
Longitudinally Pol. Beam =>Run03 

FNAL E704 and Qiu-Sterman model 

Reference data for Heavy ion collision 
Under going 

4 
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Data for 2(y12 

.Intergrated luminosity: 
0.15pb-I 

.Beam polarization: 
15-1 7%, Both beams are transverse. 

.Total Triggered events 
P 0 188 million events 
N 

Tinier  

2 direction coincidence for MulD 
quadrant 
Single muon trigger >= 1 
Di-Muon Trigger>= 2 

MUID 

/ 

I t  

P 
Coincidence for 1/4 9 

/ 
/ 

/ 

n 

1 ,  EL 
I I  U I  

I ' ' I  I 

Atsushi Taketani RIKEN/RBRC 



PHENIX Preliminary 
L 

I Red: unlike sign pair 1.2cfl2.2 
20 T Blue: like sign pair 

15 t 
c 
0 w 

Dimuon Invariant Mass (GeV) 

Using only unlike sign muon pairs 

PHENIX Preliminary L .- 
1.2qc2.2 

20:- 
r t3l 1 3.16+-0.26 GeL- .- cn - 
I 

- 
- Mean: 3.1 56 +- 0.074 GeV 

Sigma: 0.257 +- 0.075 GeV 
- 
- 

cn 
v) 
I a 
24 

.- 

Dimuon Invariant Mass (GGV) 

Peak at (3156 i- 74 MeV) - >Mass of J/y 
Mass width (257 k 75 MeV) - >Need to improve Momentum resolution (HKobayashi) 

~fl’,~, = 36 in 2.5<mass<3.7GeV, Estimated the number of background by counting like sign 
muon pairs. 

Systematic error by variation of mass cut is 10%. 

Atsushi Taketani RIKEN/RBRC 



~olbr-!€vaporation Model and Cross Section 

E 
U I O  
b 

I 

t 

A t A',' 

Phys. Lett. 8390,323 (1997) 
Color 'evaporation model with GRV HO 

______-._-____ Color evaporation model with MRS-A 
a Experimental data 

I I I I I I I I I  I I I 

A 

I O  

0 CEM Parameters are fixed by fitting low energy data 
Our result agrees with the CEM prediction at ds=200 
GeV Atsushi Taketani RlKENlRBRC 
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Single Muon Analysis 
Most of the muon come from Pi/K decay. 

Z L=- 
cos 8 

Beam Beam 

Z Event Vertex 

Nose Cone 80 cm Nose Cone 

L. 

22 ?.-'-L; 

m? :, ..... - ..... , 

0 0.01 0.02 0.03 0.04 0.06 0.06 0.07 0.08 0.09 0.1 
Kink [rad1 

Kink Angle [rad] 
Kink are ignored 

Atsushi Taketani RIKEN/RBRC 



Single Muon Analysis 

L 
I 21 0 :  

Plan 

,Measurement of A - N and A-LL 

.Measurement of Pt spectrum 

- I - - 

#l@!F&h6 Error Bar (stat only) I'( 
Qiu-Sterman model 

0.02 L- 
U 
20 30 40 60 60 70 80 

......-...- 
1 Decay Length [cm] 0.01 

-' 0.006 

-0 .02b '  ' ' ' ' ' ' ' I '  ' ' ' * ' ' I 
0 2 4 6 8 I O  

Pt [GeV] 

Atsushi Taketani RIKENIRBRC Pt [GeV] 



3ummury 
Analyzing the inclusive muon events for 4s = 200 GeV proton- 
proton collision. 
We measured production J/uy production cross section by 
using p+p- channel. 

10-20 times higher integrated Luminosity, 50% longitudinally 
polarized beams are expected in coming Rum.  Muon arm will 
be improved 2-4 times higher acceptance/effFciency. 

I 

- J/y, Polarization and A,, 
- Single Muon Pt spectrum and A,, 

Atsushi Taketani RIKEN/RBRC 



Computing at CC-J at RIKEN 

Yuji Goto 
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CCJ status 
Computing Center in Japan for spin physics at RHIC 

T. Ichihara, Y. Watanabe, S. Yokkaichi, A. Kiyomichi, 
0. Jinnouchi, H. En’yo, Y.Goto , H. Hamagaki(*) 

RIKEN, RBRC, C N W  

Presented on 21 th November 2002 at RBRC Review at BNL 



RIKEN CCJ : Overview 

+ Scope 
- Center for the ana1ysis"of R€€IC Spin Physics 
- Principal site of computing for PHENIX simulation 

- PHENIX CC-J is aiming at covering most of the simulation tasks of the 
whole PHENIX experiments 

- Regional Asia computing center 

0 Data amount: handing 225 TB /year 
0 Disk Storage : - 20 TB, Tape Library: -400 TB 

.F* 

E + Size 

CPU performance : 328 Pentium 3/4 CPU (Total: 374 GHz) 



System upgrade since Nov. 2001 

. CPUfarms 

. Disk storage 

. TaDe I storage U 

. 224 CPU -> 328 CPU (total: 374 GHz) 

. Same (21 TB fiber channel Raid) 

. 100 TB -> 150 TB (2500 cartridges) . 1 Dedicated Tape Silo (Full capacity: 400 TB) . Data Servers . 5 SUN E450 servers -> 5 SUN E450 servers + 1 SUN Fire880 server . Data Duplication Facility at RCF . Same (2 RedWood drives + IBM RS6000 F50) . Bandwidth of RIKEN Wide Area Network . Same (50 Mbps) 

E 



\
Y
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Analysis for the PHENIX experiment with CCJ 
DST Production 
- -40TB of Raw Data (Year-2) was transferred via air plane (so called PedEXnet) 

from BNL to RIKEN 
- PHENIX official pp-DST production (A. Kiyomichi) 

- about 50% of DSTs produced at CCJ 
Analysis 

Fast analysis for spin - Y. Goto 
electron/photon analysis - T.Hachiya, Y. Akiba 
f!uctuatior! ana!ys!s - T.Nakamur2, K.!-!omma 
BBC trigger study - K.Homma, T.Nakamura, T.Hachiya 
pi0 analysis - K.Oyama 
Photon polarimeter analysis - Y. Goto 
Simulation for silicon vertex detector - K. Tanida 
pp muon - H. Sato, H. Kobayashi 
EMCal calibration - H. Torii 
EMCal photon analysis - T.Sakaguchi 
hadron analysis - A.Kiyomichi, T.Chujo 
Lambda simulation - H. Ohnishi 
Alignment study of muon arm - N. Kamihara 

Belle simulation - K. Hasuko, A. Ogawa, M. G. PerdeRamp 
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Statement of Research Activities 
- Abhav Deshpande 
- November 2002 

Introduction : 

This is a summary of my activities over the last one year at lUKEN BNL research center. 
The principle topics covered in document are: 

1. The IP12 PHENIX Local Polarimeter test setup during the Run 2001-2002 
(Construction and installation of this experiment was principally done with 
Brendan Fox and Yuji Goto, while the data analysis was performed with 
Yoshinori Fukao, Manabu Togawa & Naohito Satio) 

2. The PHENIX muon trigger upgrade studies 
(Work done with: Gerry Bunce, Brendan Fox, Matthias Grosse-Perdekamp & 
Atsushi Taketani and four summer students.) 

3. Towards the Electron Ion Collider (EIC) at BNL 
Other studies I participated in include analysis of data on charged pion production in 
central rapidity region in pp scattering a,t PHENIX and issues regarding proton beam 
polarization, which will be covered in greater details in [l] and [2], respectively. 

The IP12 PHENIX Local Polarimeter Test Setup durinq Run 2001-2002: 
I was involved in the design, planning, and running of this experiment during the 200 1 - 
2002 RHIC run. .After the run, I was involved in the data analysis performed with two 
students fkom Kyoto University. The preliminary results fkom this experiment were 
presented at PANIC’O2[3], SPI”O2[4] and APS/DNPYO2[5]. 

The spin rotators for the PHENJX (and for STAR) experiments were setup recently in the 
RHIC ring. It was anticipated that an experimental proof /measurements would be needed 
to confirm that the two spin rotators functioned properly during the collider experiment’s 
operation. The stable spin direction of the protons in the RHIC ring being transverse 
(perpendicular to the proton orbit), the two rotators, each located on either side of the 
experiment, are expected to rotate the spin from transverse to longitudinal and back to 
transverse, so that the experiments can collide proton beams in longitudinal-longitudinal 
confi,wation needed for most of RHIC Spin measurements[6]. 

The design of the Jp12 experiment was mlotivated by the E704 experiment’s result [7] on 
observation of asymmetry in the forward no production in transverse single spin pp 
scattering at Sqrt(s)-20 GeV. The idea behind the IP12 experiment was to explore the 
existence of such an asymmetry at RHIC energies, (including asymmetries in inclusive 
photons) using the transverse spin orientation (rotator off) of protons and then design a 
“null” experiment for the test of the spin irotators (when they are on). If the spin rotators 
functioned properly, there should be no asymmetry observed in the forward region in 
single longitudinal spin pp scattering. If there is &y residual asymmetry, that would 
indicate non-longitudinal components of the proton spin component. 

419 



The East and West side of the IP12 experiment were instrumented with a Lead Tungstate 
Crystal Electromagnetic Calorimeter and a Zero Degree Calorimeter (ZDC) respectively. 
They were located about 18 meters from the IP. The location of our experiments makes 
us sensitive to measurements in low PT (< 0.3 GeV) and high XF (> 0.7) region. Further, 
the east arm was instrumented with a pre-shower detector, a charge veto counter, and two 
scintillators (Nl,N2) located after the EMCal separated by a lead brick. The neutral 
particles (gammas and neutrons) exit the experimental area and enter the acceptance of 
our detectors. Based the signals from the preshower, the energy deposited in the EMCal 
on the east side of the experiment, and the N1 and N2 counters the particles were 
identified as being either gammas and neutrons. Extensive Monte Carlo studies including 
Pythia generator and GEANT detector response were made to understand the response of 
our detectors. Relative normalization of the EMCal towers was refined using the 
reconstructed no mass in data and MC. Extensive studies were also performed on the 
West side for the ZDC, its pre and post shower detectors to understand its response to 
neutrons. Left right asymmetries were constructed out of the data for photons coming 
from pion decays even if one photon escaped detection, fully reconstructed pions (both 
photons detected), and the neutron on the East side, while only neutron asymmetries were 
measured for the West side. 

Detailed results will be presented during this review[8]. The high lights of the results are 
summarized below: 

1. We observe no asymmetries in the reconstructed no sample. 
2. We see a small asymmetry (< 3%) in the inclusive gamma data sample, but we 

can not rule out a small contamination from neutrons in this sample of photons. 
3. We observe a large asymmetryhalyzing power in the neutron production. We 

confirmed this result with the result seen in the West side apparatus of ZDC. 
The asymmetry plotted against the 4 azimuthal angle clearly shows a 
sin($) dependence 
We see a clear correlation between the magnitude of asymmetry and the 
polarization of the on-coming beam. 

In summary, we have observed an unexpected asymmetryhalyzing power in neutron 
production in pp scattering at Sqrt(s)=200 GeV. No asymmetry has been seen for photons 
(reconstructed pions or inclusive photons). Physical origin of this neutral analyzing 
power is unknown, although some candidate reactions are being explored for possible 
explanation. An experiment may be planned in PHENLX experimental area next year 
2003-2004 to understand the physics process responsible. 

0 

0 

Plans for Run 2002-2003: 
The neutron asymmetry observed in the IP12 experiment last year will be exploited to 
check and study the operation of PHENIX spin rotators. Two shower max detectors 
(SMD) with a vertical and horizontal granularity are being inserted between the first 
and the second units of the Phenix Zero Degree Calorimeters. The SMDs are being 
constructed at BNL by the BNL Physics group (A. Denisev & S. White et al.). RIKEN 
has contributed towards the constructioii cost of the Front End Modules (FEMs) built 
at Columbia U. The FEMs are ready, the SMDs are expected to be ready in the next 
two to three weeks and will be installed in PHENCY by the early December. I will be 
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involved with the BNL & the RLUEiVgroup to facilitate the use of these detectors for 
the spin rotator operations and associated tests during the upcoming RHIC run. 

Muon Trigger Uugrade Studies: 
Over the last few decades the spin structure of the nucleon has been explored using the 
technique of polarized Deep Inelastic Scattering @IS). One of the limitations of the DIS 
technique is that the virtual photon can not distinguish between the quark and anti-quarks, 
nether can it distinguish between various quark flavors. Both these limitations could be 
overcome by using polarized pp scattering at PHENIX resulting in parity violating W+/- 
production and its subsequent decay in to the muons and neutrinos. It is essential 
however that the decay muons are tagged efficiently (since the neutrinos escape 
detection) and background muons from all sources are identified. 

RHIC luminosity upgrades will require a substantial enhancement of the PHENX muon 
trigger (a factor -50 at RHIC II luminosiities). At the L= 2 ~ 1 0 ~ ~  cm3sec-1 the first level 
trigger will f r e  at 21kHz. This rate is dominated by hadron decays in to muons and 
exceeds the available bandwidth of the siingle muon trigger channel by a factor -20. An 
additional factor of 2-3 in rejection power is needed to compensate for the additional 
beam related backgrounds expected at high beam intensities. 

We studied possible ways to get the required rejection in PHENIX to enable its W 
physics program. The proposed trigger upgrade exploits the difference in the muon 
momentum spectra from the background hadron decays and those originating in the pp 
collision via a w'- decay. Three possible hardware components for the trigger upgrade 
were studied: 

I. Addition of Scintillation Hodosoope: Measurement of momentum using new 
scintillator hodoscope upstream of the muon magnet along with anode read out 
from the upstream muon tracker station to be used in conjunction with the roads 
built in the present level 1 muon identifier trigger. 

2. Addition of a threshold Cherenkov Counter: Matching threshold information 
fkom a se,mented Cherenkov-counter to muon roads from muon identifier. 

3. Addition of a Nosecone Calorimeter: Compare event topology differences 
between background jet production and direct muon signals. 

All the above studies were performed using PYTHIA event generator and PISA 
simulation package for PHENIX. Preliminary studies indicate that rejection factors of 
-4, -30 and -2-3 could be achieved by these new detectors, respectively. Detailed studies 
are underway. This is being written up as part of the PHENIX upgrade proposal [SI. The 
integration of the new trigger will require a new set of local level 1 processors. A new 
regional trigger processor will predigest information from these detector subcomponents 
before the information is passed on to PHENIX global level 1 trigger. Ideas for such a 
processor board are being discussed within PHENIX. 



The Electron Ion Collider at BNL: 
Addition of an electron beam facility to the RHIC accelerator complex enabling high 
intensity high energy electron beam to collide with one of the RHIC’s existing heavy ion 
or polarized proton beam, will significantly enhance RHIC’s ability to explore 
fundamental and universal aspects of QCD [lo]. We propose to build a -10 GeV 
polarized electron beam facility at RHIC which will allow collisions between polarized 
protons and electrons at Sqrt(s) =lo0 GeV and a luminosity of L,= cm-2sec-1. The 
same beam could provide a Sqrt(s) = 63 GeV when colliding with 100 GeV/A collisions 
with heavy ions. For the first time such DIS studies would be possible in a collider 
geometry and at high luminosities. This would allow detailed studies of many inclusive 
reactions as well as abundant rates of exclusive measurements in kinematic regions never 
before explored. . 

Many physics topics have been studied to make the physics case for this collider 
already[ 1 11. They have mostly concentrated on inclusive or semi-inclusive physics 
measurements. New physics topics such as Deeply Virtual Compton Scattering (DVCS) 
and others, which may lead us to the generalized parton distributions (GPDs), are now 
being pursued and studied by various theoretical groups around the world. Early attempts 
to measure DVCS have been made at the ZEUS, H1 and HERMES experiments at 
DESY[12]. The biggest hurdle in the measurements seems to be the exclusive 
measurement of final states (particles). In DVCS, the final states are the scattered proton 
and a real photon. The kinematics of these interactions is such that very small deviations 
of the proton from the initial direction are expected. The photon comes out in all 
directions. I have starting studying this problem in collaboration with A. Sandacz(lNP, 
Warsaw), D. Hasel(MIT/Bates) in detail with the aim to have an appropriate design for 
the detector components for this. One possible option we are pursuing presently is a 
roman pot detector (like the one from PP2PP) to detect the small angle scatter of the 
proton and a calorimeter to measure the photon. This is a typical study underway which 
eventually lead to aspects EIC detector design. Others physics studies will follow. 

In addition to such topical studies I also serve presently as the EIC contact person and 
physics coordinator. While the Contact Person’s responsibilities are mostly 
communications with non-EIC outsiders, as the Physics Coordinator I am organizing and 
enabling small working groups dedicated to detailed studies of physics processes to be 
studied at EIC. Conclusions from these working groups are communicated to the 
accelerator and IR design working group, which is presently formed between BNL/CAD 
and MITBates. I try to keep the information exchange at its best so many issues crucial 
for the physics measurements at EIC do not get over looked during the ring and IR 
design. 

References: 
111 F. Messer & K. Okada, RBRC review presentation, November 2002. 
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