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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 at the Center. At present,
there are eight 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 has increased to include ten theorists and one
experimentalist in the current academic year, 2001-2002. Beginning this year
there is a new RIKEN Spin Program at RBRC with four Researchers and three
Research Associates.

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

T. D. Lee
November 30, 2001

*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 29-30, 2001
Brookhaven National Laboratory, Upton, NY 11973

The fourth evaluation of the RIKEN BNL Research Center (RBRC) took place
on November 29-30, 2001, at Brookhaven National Laboratory. The members of the
Scientific Review Committee were Dr. Jean-Paul Blaizot, Dr. Akira Masaike,
Professor Tetsuo Matsui, 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 hold this meeting.

T.D.Lee & N.P. Samios



RIKEN BNL Research Center

Bldg. 510, Brookhaven National Laboratory, Upton, NY 11973, USA

RBRC Scientific Review Committee Meeting
Brookhaven National Laboratory, Upton, NY
Physics Department, Building 510, Open Sessions -- Large Seminar Room
November 29-30, 2001
Agenda

Committee Members: Jean-Paul Blaizot, Akira Masaike, Tetsuo Matsui, Claudio Rebbi,
Jack Sandweiss, Chair

Thursday, November 29, 2001
8:00 AM to 9:00 AM Review Committee Executive Session & Working Breakfast

(Summary Presentations by T.D. Lee and N.P. Samios) Room 2-160
Large Seminar Room
9:00 AM to 11:00 AM EXPERIMENTAL PRESENTATIONS - GERRY BUNCE, CHAIR

09:00 Introduction of Experimental Group and Discussion Hideto En'yo

09:15 Physics of RHIC Spin, RIKEN, and RBRC Naohito Saito

09:30 PHENIX Triggers for Spin; New Belle Collaboration to Matthias Grosse Perdekamp
Study Spin Dependent Fragmentation Functions

09:45 Asymmetry Measurement of Charged Hadrons - Yuji Goto
First Look at the Gluon Polarization in 2001

10:00 Electromagnetic Calorimeter: From Heavy Ion to Alexander Bazilevsky
Spin Physics

10:15 Hunting for Physics Beyond the Standard Model at RHIC Jiro Murata
with Parity Violation

10:30 Polarimetry for RHIC Kazu Kurita

10:45 A New Local Polarimeter for RHIC and EIC Abhay Deshpande

11:00 Break

11:15 AM to 12:30 PM EXPERIMENTAL PRESENTATIONS - HIDETO EN'YO, CHAIR

11:15 Normalization Trigger Counters for PHENIX Brendan Fox
11:30 Muon Identifiers for PHENIX-Status . Atsushi Taketani
11:45 Muons at PHENIX; Measurement of the Hadronic Spin-Flip Douglas Fields

" Amplitude in Proton-Carbon Elastic Scattering
12:00 Alignment Calibration of the South Muon Tracker in Hideyuki Kobayashi

PHENIX

12:15 The CC-J Computer Facility at RIKEN Takashi Ichihara
12:30 PM to 1:30 PM Executive Session - Working Lunch (Room 2-160)
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RBRC Scientific Review Committee Meeting

Thursday, November 29, 2001 (Continued)

Large Seminar Room

Page 2

1:30 PM to 3:30 PM THEORY PRESENTATIONS - ANTHONY BALTZ, CHAIR

1:30  Classical Computation of Gluons in Heavy Ion Collisions Yasushi Nara

1:45  The Flow of Colored Glass in Heavy Ion Collisions Raju Venugopalan

2:00 Partons and QCD in High-Energy Hadronic Collisions Werner Vogelsang

2:15  Hadronic Probes of Quark Gluon Plasma Sangyong Jeon

2:30  Dense and Baryon Rich QCD Misha Stephanov

2:45  Gluons Out of Equilibrium Dietrich Bédeker

3:00 Gluon Saturation from Small-x Evolution Equation Kazunori Itakura

3:15 Renormalization Group Improvement of the Time Dependent Yukio Nemoto
Ginzburg-Landau Equation at Finite Temperature

3:30 Break

4:00 PM to 5:30 PM THEORY PRESENTATIONS - SHIGEMI OHTA, CHAIR

4:00 Domain Walls in High-Density QCD and in Atomic Bose-Einstein Dam Thanh Son
Condensates

4:15  Chiral Properties of Domain Wall Fermions with Improved Gauge Kostas Orginos
Actions

4:30 Hadron Spectrum for Quenched Domain-Wall Fermions Yasumichi Aoki
With an Improved Gauge Action

4:45 Localization of Chirality for Domain Wall Fermion Eigenvectors Chris Dawson

5:00 CP Violation in K Decay from Lattice QCD Thomas Blum

5:15  Calculation of Non-Leptonic Kaon Decay Amplitudes from K — = Junichi Noaki
Matrix Elements in Quenched Domain-Wall QCD

5:30 PM Executive Session - (Room 2-160)

7:00 PM Reception and Dinner (See Invitation)



RBRC Scientific Review Committee Meeting Page 3

Friday, November 30, 2001

8:00 AM to 8:30 AM

Large Seminar Room
8:30 AM to 9:30 AM

9:30 AM to 1:00 PM

1:00 PM to 2:00 PM

2:00 PM to 3:30 PM

3:30 PM to 5:00 PM
5:00 PM to 6:00 PM

6:00 PM

Executive Session and Continental Breakfast (Room 2-160)
QCDSP/QCDOC: Physics Results and Prospects/Project Status
Norman H. Christ and Robert Mawhinney
Meetings with Individual RBRC Staff
Theorists {Room 2-160)
Host Liaison: Anthony Baltz

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

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

Meetings with Individual RBRC Staff (Continued)
(Possible Tours)

Executive Session - (Room 2-160)

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

Adjourn



RBRC Scientific Review Committee Membership 2001

Dr. Jean-Paul Blaizot

Service De Physique Theorique
Orme Des Merisiers - Batiment 774
91191 GIF-SUR-YVETTE CEDEX
France

TEL. 3316908 81 19

FAX 3316908 8120

E-mail: blaizot@spht.saclay.cea.ft;

Dr. Akira Masaike

3-8-5, Hieidaira

Otsu-shi, Shiga-ken,

520-0016, Japan

TEL/FAX: 81 77 529 2481

E-mail: masaike@mvb.biglobe.ne.jp

Professor Tetsuo Matsui

Komaba Nuclear Theory Group

Nuclear Theory Group, Institute of Physics
Graduate School of Arts and Sciences
University of Tokyo at Komaba

Komaba 3-8-1, Meguro, Tokyo, 153-8902, Japan
TEL: 81-3-5454-6512,

FAX: 81 3 5454 6890

E-mail: tmatsui@ntl.c.u-tokyo.ac.jp

Professor Claudio Rebbi
Boston University
Department of Physics

590 Commonwealth Avenue
Boston, Massachusetts 02215
TEL: 617-353-9058

FAX: 617-353-6062

E-Mail: rebbi@pthind.bu.edu

Professor Jack Sandweiss ~ (RBRC SRC Chair)
Yale University

Sloane Physics Lab

Department of Physics

P.O. Box 208120

New Haven, CT 06520-8120

TEL: 203-432-3358

FAX: 203-432-6125

E-mail: sandweiss@hepmail.physics.yale.edu



RBRC Theory Group

T. D. Lee



T. D. Lee, RBRC Director

N. P. Samios, RBRC Deputy Director
Hideto En"yo, RBRC Associate Director

% %k % %

RBRC Research Scientists (2000 - 2001)

Computer Scientist

Dong, 7.

Theory Group
T.D. Lee, Group Leader

Anthony Baltz, Deputy Group Leader
Research Associates Advisory Committee
(Post Docs)
Aoki, Y. Baltz, A.
Itakura, K. Creutz, M.
Nara, Y. Gyulassy, M.
Nemoto, Y. McLerran, L.
Noaki, J. Pisarski, R.
Orginos, K.
Schaffner-Bielich, J.
Fellows Consultants/
Blum, T. Visiting Scientists
Dawson, C. Gyulassy, M.
Vogelsang, W. Jaffe, R.

Shuryak, E.

Tenure Track/RHIC Fellows Collaborators/
Bass, S. (Duke) Associates
Bodeker, D. (BNL) Mawhinney, R.
Kusenko, A. (UCLA) Ohta, S.
Jeon. S. (McGill)
Schaefer, T. (SUNY, SB)
Son, D. T. (Columbia)
Stephanov, M. (U. of IL, Chicago)
van Kolck, U. (Arizona)
Venugopalan, R. (BNL)
Wettig, T. (Yale)

Boer, D. (Post Doc--left 6/27/01)
Rischke, D. (RHIC Fellow—Ileft 1/31/01)
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Weekly Seminars

Spin Physics Tuesdays Organized by Y. Goto *
: (10:00 a.m.) and W. Vogelsang

Nuclear Physics Tuesdays Organized jointly
(11:00 am.) with BNL Staff

High Energy-RIKEN Theory Wednesdays Organized jointly with
(1:30 p.m.) BNL Theorists

QCD and RHIC Physics Thursdays Organized by D. Bodeker
(12:30 p.m.)

High Energy Theory Fridays Organized by S. Dawson

Lunch Talks (12:00 Noon)

Nuclear Physics-RIKEN Theory Fridays Organized jointly with
(2:00 p.m.) BNL Staff

14
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PUBLICATION LIST

RBRC-1 H. Fujii and H. Shin, “Dilepton Production in Meson Condensed
Matter,” Prog. Theor. Physics 98, 1139 (1997).

RBRC-31 D. Kharzeev, R. D. Pisarski, and M. Tytgat, Possibility of Spontaneous
Parity Violation in Hot QCD, Phys. Rev. Left. 81, No. 3, 512-515 (1998).

Presented at the First Anniversary Celebration, October 16, 1998.
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PUBLICATION LIST (Cont'd)

RBRC-60 Daniél Boer, "Intrinsic Transverse Momentum and Transverse Spin
Asymmetries," [hep-ph/9905336] Proceedings of the 7th
International Workshop on "Deep Inelastic Scattering and QCD,"
(DIS99) DESY-Zeuthen, April 19-23, 1999. Nuclear Physics B
(Proc. Suppl.) 79, 638 (1999).

Presented at the RBRC Scientific Review Committee Meeting, May 27-28, 1999

RBRC-139. A. Ali Khan, S. Aoki, Y. Aoki, R. Burkhalter, S. Ejiri, M. Fukugita,
S. Hashimoto, N. Ishizuka, Y. Ilwasaki, T. lzubuchi, K. Kanaya,
T. Kaneko, Y. Kuramashi, T. Manke, K. I. Nagai, J. Noaki,
M. Okawa, H. P. Shanahan, Y. Taniguchi, A. Ukawa, and T. Yoshie
(CP-PACS Collaboration), "Chiral Properties of Domain-wall Quarks
in Quenched QCD," [hep-1at/0007014], Phys. Rev. D 63,
114504-1-19 (2001).

Presented at the RBRC Scientific Review Committee Meeting, September 28-29, 2000



LT

PUBLICATION LIST (Cont'd)

RBRC-231. K. Orginos [RBC Collaboration] “Chiral Properties of Domain Wall
Fermions With Improved Gauge Actions,” [hep-lat 0110074], to
appear in the Proceedings of the XIX International Symposium on
Lattice Field Theory “LATTICE 2001,” Berlin, Germany, August 19-
24, 2001; Nucl. Phys. B. (Proc. Suppl.)

Presented at RBRC Scientific Review Committee Meeting, November 29-30, 2001
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Volume 29

Volume 30

Volume 31

}ﬂ)’ﬂux,a/«,\_lf, ? /Q@:?C WV\/&P%J‘

quilibrium & Non-Equilibriuim Aspects of Hot, Dense (BNL-52613)
Q , July 17-30, 2000; RBRC and BNL Nuclear Theory Workshop
Organizers: D. Boyanovsky, H. J. de Vega, L. McLerran,

R. D. Pisarski

Future Transversity Measurements, (BNL-52612)

September 18-20, 2000
Organizers: Daniél Boer and Matthias Grosse Perdekamp |

Scientific Advisory Committee:
Robert L. Jaffe, Piet Mulders, Wolf-Dieter Nowak

RBRC Scientific Review Committee Meeting (BNL-52603)
September 28-29, 2000
Organizers: T. D. Lee and N. P. Samios

RHIC Spin Physics II & IV Polarized Partons at High

Q"2 Region (BNL-52617)

August 3, 2000 at BNL; October 14, 2000 at Kyoto Univ.
Organizing Committee: 8/3--Gerry Bunce and Steve Vigdor;
10/14--K. Imai, H. En'yo, N. Saito, T. Kunihiro, T. Uematsu,
S. Kumano, Y. Koike, M. Okamura;

Scientific Advisory Committee: T. Roser, D. Underwood,
X. Ji, I. Soffer, L. C. Bland, K. Yazaki, A. Masaike



61

Volume 33

Volume 34

Volume 35

Volume 36

RHIC Spin Physics V (BNL 52628)

February 21, 2001 )

Organizing Committee: Gerry Bunce, Naohito Saito, Steve Vigdor, Thomas Roser,
Hal Spinka, Hideto En'yo, Leslie C. Bland, Wlodek Guryn

Spin Physics At RHIC in Year-1 and Beyond (BNL-52635)

May 14-18, 2001

Organizing Committee: Leslie Bland, Dani€l Boer, Naohito Saito,
Werner Vogelsang

High Energy QCD: Beyond the Pomeron (BNL-52641)

May 21-25, 2001

Organizing Committee: John Dainton, Wlodek Guryn, Dmitri Kharzeev, and
Yuri Kovchegov

RIKEN Winter School, Quarks, Hadrons and Nuclei-QCD Hard Processes and the
Nucleon Spin (BNL 52643)

December 1-5, 2000, RIKEN, Japan

Organizers: N. Saito, T.-A. Shibata, and K. Yazaki

RHIC Spin Collaboration Meeting VI (BNL-52642)
October 1, 2001
Organizers: Les Bland and Naohito Saito



Date:
Title

Organizers:

Date:
Title:

Organizers:

Future RBRC Workshops

March 11-15, 2002

RBRC Workshop on Hadron Structure from
Lattice QCD

Thomas Blum, Daniél Boer, Michael Creutz,
Shigemi Ohta, Kostas Orginos

Spring 2002

RBRC Workshop on Theory Studies
for RHIC-Spin

Werner Vogelsang

20




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: 7™ 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

21
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RBRC - QCDSP
Percent of Uptime
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RBRC — QCDSP

Number of Hardware Failures
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BAL-52634
Formal Report

EN BNL Research Center

CP VIOLATION IN K DECAY FROM LATTICE QCD

Thomas Blum and Robert Mawhinney
RBRC-Brookhaven-Columbia QCDSP Collaboration

July 26, 2001

RBRC Scientific Articles

Volume 4

Building 510A, Brookhaven National Laboratory, Upton, N.Y 11973-5000, USA
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Comparison with Experimental Results

Quantity Experirhent This calculation
Re Ay(GeV) | 3.33 x1077 3.26(19) x10~7
y Re A2(GeV) | 150 x107°% 1.279(57)x10~8
s 6> 22.2 25.5(57)
" Re(€/e) 15.3(26)x10~% (NA48) | —4.4(24) x10~*
20.7(28)x10~* (KTev) |
iy (Kz.o‘* ”fn'y 2
M o é € , 4
(K’o—’") = .+ T+ 4/€e/€/6/
_KJ-Z (K, = a'n? ¢ -2 € |
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RBRC Experimental Group

N. P. Samios
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T. D. Lee, RBRC Director
N. P. Samios, RBRC Deputy Director
Hideto En"yo, RBRC Associate Director
L
RBRC Research Scientists (2000 — 2001)
Experimental Group
Hideto En’yo, Group Leader
Gerry Bunce, Deputy Group Leader

Research Associates
(Post Docs)
Bazilevsky, A.

Fellows

Deshpande, A.

Fox, B.

Goto, Y.
Grosse-Perdekamp, M.
Kurita, K.

Tenure Track/RHIC Fellow
Fields, D. (UNM)

RIKEN Spin Program
(RSP) Researchers
Ichihara, T.

Saito, N.

Taketani, A.
Watanabe, Y.

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

Murata, J. (RIKEN)
Yokkaichi, S.

RIKEN Spin Program Visiting Scientist

Lange, J. S.

Advisory Committee

Masaike, A.
Nagamiya, S.
Sandweiss, J.

Consultants
Jaffe, R.

Roser, T.
Makdisi, Y.
Tannenbaum, M.

Visiting Scientists
Imai, K.
Okamura, M.
Shibata, T.-A.

Visiting Res. Assoc.
Jinnouchi, O.
Okada, K.

Visiting Jr. Res. Assoc.

Kamihara, N.
Sato, H.
Tojo, J.
Torii, H.



Experimental Group Activities

Belle Collaboration
Spin Fragmentation Structure Function

Preparation for Spin Run

Nov. 8 -- 2 weeks AGS machine ready for Spin

Nov. 26-- 3 weeks RHIC machine preparation
for Spin

Dec. 21 5 weeks polarized proton running

Beam-beam Counters
Measure total cross section

Polarimeter in yellow ring
(A polarimeter already in the blue ring)
Measure polarization

Electronics Dead time reduction at high rates
More Efficient running

Meetings

Tuesday 10:00 a.m. Spin D»iscussion
Tuesday 2:00 p.m. Round Table Discussion
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RHIC Accelerator

Energy: 100 GeV/A x 100 GeV/A
Gold on Gold Achieved

Luminosity: 2 x 102¢/cm?2/sec Gold on Gold

For Polarized Proton

Expect:
Energy: 100 GeV x 100 GeV

Ultimate
250 GeV x 250 GeV

Luminosity: (1-5) 103%/cm?/sec
Polarization: 50% Ultimate 70%

2001 - 2002 Run All 4 snakes - Transverse Spin
100 GeV x 100 GeV - Longitudinal Spin

2002 - 2003 Run All rotators - Longitudinal Spin
250 GeV x 250 GeV
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EXPERIMENTAL PRESENTATIONS
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Introduction of Experimental Group and Discussion

Hideto En’yo
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RBRC Review ‘2001

Introduction to the RBRC
Experimental Group



9%

e Group Leaders:
— Hideto Enyo (Wako)
— Gerry Bunce(deputy)
« Fellows/Postdoc
- — Matthias Grosse Perdekamp
— Abhay L. Deshpande
— Brendan Fox
— Yuji Goto
— Kazuyoshi Kurita
— Douglas E. Field (New Mexico )
— Alexander Bazilevsky

*RIKEN Spin Program
*Naohito Saito
eAtsushi Taketani
*Takashi Ichihara (WakoCClJ)
Y asushi Watanabe(WakoCCJ)
eSatoshi Yokkaichi(WakoCClJ)
*Hideyuki Kobayashi
*Jiro Murata (Wako)

*Hisa Torti

Junji Tojo

*Hiroki Sato
*Nobuyuki Kamihara

*Kensuke Okada (June)
*Osamu Jinnouchi (April)




New members

« New Researcher in Radiation Lab
— Kiyoshi Tanida (U-Tokyo JSPS) 1%t October
will join the Si-tracker development ?

o Silicon Strip/Pixel detector for PHENIX Upgrade
based on Radiation Laboratory, to deal with
CERN-NA60 and CERN-ALICE to start with

— Hiroaki Ohnishi (BNL) 15t Jan.
— Johann Hauser (SUNY) 15t April
— Rykov Vladimir (Wayn State U) 15t Mar ?

« New Researcher in Radiation Lab

— Application closes on 26™ December 1%t April
CERN courier ad.
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CChecAdRiken80x94 7/11/0¢ 1:39 am Page 1

TENURE TRACK RESEARCHER POSITION FOR RHIC SPIN PROGRAM

RIKEN (The Institute of Physical and Chemical Research) invites applica-
tions for a tenure track researcher position with our RHIC spin program.

The successful applicant is supposed to be resident at Brookhaven
National Laboratory and play a leading role to carry out our experimental
activities using polarized proton collisions at RHIC.

In this program we are involved in the PHENIX
experiment, and other activities related to the
polarized proton acceleration.

Interested candidates should send a vitae
(photo attached), list of publication, copies of
the important publications (less than 5 ), two
letters of recommendation, abstract of the
research history and description of research
interest to:

Dr. H. En'yo, Radiation Laboratory,

RIKEN, Hirosawa 2-1, Wako, Saitama
351-0198 Japan, before 26th December 2001.
For further information contact:

Hideto En'yo: Fax: +81-48-462-4641,

_— E-mail: enyo@riken.go.jp, or refer to
l I ] http://www.riken.go.jp/ and
. http://www.rarf.riken.go.jp/lab/radiation/.




Major events

« RBRC Visiting Researcher (unpaid) 1s established

— Analysis Proposal to Belle in KEK (Spin in Fragmentation)
* M.G. Perdekamp (RBRC, Contact person for BELLE)
» Soeren Lange (Frankfurt, STAR)
 Akio Ogawa (Penn State U, STAR)
» New postdoc for Belle (seeking)

— CERN pixel development (will soon be established in RBRC)
— This is also a contract of RIKEN (trip etc. can be supported)
— RBRC Theory will also use this framework

* 4 Kyoto Students (NEW) joined SLAC test

— Muto, Sakuma, Togawa, Fukao
— Did we impress them well?
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Major event
Special Doctoral Fellow Ship of RIKEN (For Japanese
only) 1s open through RBRC exp and Radiation Lab in
Wako. Next year applicant call will also made for RBRC

theory.)

— From April 1st, T. Kawabata (Kyoto-U) and J.Tojo (Kyoto-U,
currently RBRC student) will start with RBRC experimental group.
Takashi Ikeda (U-Tokyo) will start with RBRC theory group.

Junior Research Associate of RIKEN is called through
RBRC exp+theory and Radiation Lab. (For Japanese only)
— @Got 2 applicants in RBRC exp, and 1 applicant in RBRC theory.

JRA for non-Japanese is under development. Will be
available next year.



UPGRADE
Kiyoshi Tanida
Hiroaki Ohnishi
Johann Hauser

Conclusion

/

Rykov Vladimir

TS

RBRC STUDENT
Hisa Torii

Hiroki Sato
Nobuyuki Kamihara
JRA?

JRA2?

J. Tojo

RBRC
Hideto Enyo
Gerry Bunce

BELLE

Soeren Lange (VISITOR)
Akio Ogawa (VISITOR)

New postdoc

Matthias Grosse Perdekamp

Abhay L. Deshpande
Brendan Fox

Yuji Goto

Kazuyoshi Kurita
Douglas E. Field
Alexander Bazilevsky

T. Kawabata

RIKEN/RBRC
Naohito Saito
Atsushi Taketani
Hideyuki Kobayashi
Kensuke Okada

Osamu Jinnouchi
A

WAKO/CCJ
Takashi Ichihara
Yasushi Watanabe
Satoshi Yokkaichi




Physics of RHIC Spin, RIKEN, and RBRC

Naohito Saito
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“'BR iC 5;5 Actwmes- B

'Novembe'r 29-392001 R

Naohlto Salto
RIKEN / RIKEN BNL Research Center

= Spm Structurex;;_
+ Proton‘Spin Sum Rule
. Transvers:tyéjsttnbunons ot .
= Spin Dependence of F undamental Interactlons
* Parity Vlclatmg lnteractlon |
» CP Violation in'Quark Sector and Higgs . Sector -

= Spin Dependence of Fra_gmentatlcn
* E.g. Lambda fragmentation function

=2 Spin Dependence in pp elastic scattering

ﬁR“{EN Naohito Saito (RIKEN/ RBRC)

55




S =0.1~02 Q‘, w

Té ] ﬁ‘a'ctzon»of the -proto

u!

,.;.;;Ax.ifai vectornature:is use
symmetry tests.

position r —z @z

,.m Reversa! momentum p —p —p
e spin ¢ o —0

Naohito Saito (RIKEN/ RBRC)

ALL(PP*> }’Oet}JQ

A Ep—>7X) |

Anfp=>etX).

A 1 (pp—>Q0bar X).

A Gp—>T Y%

ALL@}D—;-X, X * et |

- measurements _ & 3¢ measurements -

process measure PHENIX}: STAR ': PIOCESS - |measwe: PHENXX STAR.X
it wowis L | PR R e R
A p—>WX)  |ad;Aubar s T g xsgpar |
App->1"T%), |Agxagbar: i ope (g XD

4 op->Wex) Yo |As Asbar

@ R iKE N Naohito Saito (RIKEN/ RBRC)
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=% First Collision of Gold beams at -
56 and 130 GeV/Alast year -
% 10% of Designed Luminosity achieved
# Successful Physics Run - |
= All Four Experiments™
Commissioned
= Several papers are produced:-

¢ Successful Spin.Commissioning!

% First Collision of Gold beams at - B8
200 GeV/A 11! 3
=z Currently running with Au+Au Beam Qi3
# First Muon Data from PHENIX

- -
@ RI ﬁ: N Naohito Saito (RIKEN/ RBIM ! PH-4ENI

wSepiember 13 2000 The
- Exciting Day -

% The First Polarized Proton
Beam Stored at RHIC

z Gy=46.5 (24.3 GeV/c)

% Then Accelerated up to-
~30GeV/c.with Snake on

= Spin Orientation Rotated
as Expected

Participating Groups:

BNL -0.008

RIKEN, Japan o Balials .M £a webaralins
RBRC ~0ud MOGB.OG(‘) 880020 L.00R. mmam:

ANL
indiana
Kyoto

- ITEP Moscow
@ Ri ﬁ: H Naohito Saito (RIKEN/ RBRC)
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Jengr

S Establzsh Stab;,,,Asymmetry Measurements
| =z Beam Polarization >50%
Lummeszty ~5E "’Ocm'ﬁs'*

(~0 75 pb’*)

Versus

& A4, ~ Higher Tw:st Effects - - % ‘

& 4-weeks of long;tudma! poianzatzon (~3 pb“)
= 4,, for pion ~'Ag Measurements

1 4, for J/yin muon Arm > |
«’\3 eEnn

i.ﬂz&m.

@ Rt HEH Naohito Szito (RIKEN/ RBRC)

(; S e
Py (Pre = 13.30 GoV/c) (Pine = 1858 Gev/c)
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¥
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, 60F 0.84 prr ey
] ENAL B704 | PHENIX. e 00 £ s
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L : La T - £ . i 3
3_“"3 = :" 2 )f 7 - - £ L % = o
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| «/‘ 2eGev S T S
8508 iy £ Asvim iy
F” i(!i’i"ﬂ Naohito Saito (RIKEN/ RBRC)
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in Asym

3 Hs Stat;Stzcs onn Data' Sené:twe to Ag(x)*

f, ‘ N
%, AG AG: MG T agag
e T =
" ‘g‘:“o o o G ";‘\ g g9
B8 —~ &8 g9 — g4 o] TN
0 ;) 5 pb! and 50% polarization
0 "LL - :
_ ! 05— BRSVemax .- " 7 -
98- - . T i :
04 PR i Vs -
: P
Ponee ~ T GRSVastd - - -
. -
\?4{32? i /,/’ -
b
: v
o0t~ / 'W. Vogelsang and M. Stratmann
e “ S OCG:& 13 2 )
e, GV
l‘,gg ISR T Naohito Saito (RIKEN/ RBRC)

Year CM Energy- - Weeks . Int: Lum. . Remarks
FY2001 200GV 5 7 bt Gluon pol. with pions
FY2002- 200 GeV 8 160pbi- - Gluon pol. with direct v, jets
' 500GeV © 2. 90pbt PV W production, u-quark pol. -
FY2003~ 200Gev =~ 8  160pb?  Gluon pol withy+jet
500 GeV 2 ¢ 120pbt First ubar,dbar pol. ‘meas..
FY2004 500.GeV- 8 486 pbt  Gluon pol. with y+jet, yjet+et,

heavy flavor, ubar, dbarpol.

200 GeV 2 48 pb! Gluon pol. with v, y+jet, heavy flavor
FY2005 500 GeV 5 300 pb! More statistics
200 GeV 5 120 pb!

FY2006 200 GeV 10 210 pbt Transversity measurements

ﬁ% Rl %E N Naohito Szito (RIKEN/ RBRC)
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= PHENIX Beff ior Sabsystem invoivemem

i .-:
el

= RHIC Po!ar;metry
= Physics Anaints

{p@ RIKEH Naohito Saito (RIKEN/ RBRC)
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PHENIX Triggers for Spin; New Belle Collaboration to
Study Spin Dependent Fragmentation Functions

Matthias Grosse Perdekamp
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The PHENIX EMC-RICH Trigger

Matthias Grosse Perdekamp, RBRC

Trigger layout and organization

Physics and trigger channels for the 2001 proton run

Hardware status and schedule

CAMAC based local level 1 for 2001 proton run

Expected Rejections

” November 29, 2001

PHENIX EMC-RICH Trig_ger

EMC:-RI.CH-Trigger:'Lay'out and Organization

16 RICH front
end trigger cards

16 Glink fibers
(256 threshold bits)

29U VME: PHENIX east+west arms

172 EMC front end
trigger cards

172RM5. LVDS

8 EMC receiver cards (4x172 threshold bits)
2 RICH receiver cards
§ Trigger Read out cards (ROCs
2 termination cards
1 FEM Component Institutions Funding
%8 Giink fibers ;Ri;lz :::; rscnd Tokyo Univ. US/Japan
(256 + 4x 172 threshold bits)
h 4 Yy EMC front end RBRC/ORNL RBRC
21LL1 cards and receivers
1 controlier
ROCs, FEMs RBRC/ORNL  US/Japan

9U VME: Local Level 1

To PHENIX
globat level 1

termination card RBRC/BNL PHENIX

LL1,LLI contil UCR/ Ames/BNL  DOE

g November 29, 2001

PHENIX EMC-RICH Trigger
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. Physi'cs/tﬁ_ggef ;h:a;lnf_{:elsfor 2001-vprot_on.run :

Spin Hi- comparison trigger rate
Er|a” z° — p, -spectrum EMC 4x4 tiles > 2 and 3 GeV 0.2kHz
< U
A B*" —p,-spectrum | EMC2x2tiles > 0.9 GeV 1.4kHz
= Q)
c - —
38 5 AL AT single e™, )y EMC 2x2 tiles > 0.9 CeV®RICH | 0.1kHz
NA @ 2xRICH=30 0.1kHz
£
3]
5 A"u v Wy 1 deep muon (last muld gap) 0.2kHz
3
=
Clock min bias 0.5kHz
NTC| |BBC min bias 0.5kHz
3.0kHz
Ratesbased on L =5x10> cm 257 - Level 2 needs to reduce this to
archiving rate of about 800Hz
” November 29, 2001 PHENIX EMC-RICH Trigger
EMC-RICH Status and Schedule :
Cards
Ordered (spares) | Received Tests Installation
EMC FE-Trigger Card 200028) 198 ORNL/BNL: 198(150) 122: Bal Nov 26
RICH FE-Trigger Card 20(4) 4 ongoing (Tokyo) 4: Bal Nov 26
EMC Receiver 20(16) 20 ongoing (BNL) 2: Bal Nov 26
EMC Termination Board 4(1) 2 ongoing(BNL) 1: Bal. Nov 26
RICH Receiver 6(4) 4 ongoing (Tokyo) 2: Bal. Nov 26
Trigger ROCs (muld) 16(18) 18 18 (BNL) 3: Bal. Nov 26
Trigger FEMs (muld) 2(2) 2 done (Vince) 1: Bal. Nov 26
LL1 (muld) 2(1) 0 Schedule for the board is not finalized.
g November 29, 2001 PHENIX EMC-RICH Trigger
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EMC-RICH: CAMAC based LL1

16 RICH Trigger Cards 172 EMC Trigger Cards
16 Glink fibers
(256 threshold bits)
29U VME: PHENIX east-+west arms 172R345, LVDS
(4x172 threshold bits)
8 EMC receiver cards
2 RICH receiver cards
8 Trigger ROCs
2 termination cards
1 FEM
2 CAMAC crates v 4x16 trigger bits
2001 only 1x4516,4x4564, 2XTTL-ECL

¥ ECL

2xECL-NIM,5x Delay P/S 794 To PHENIX
global level 1

g November 29, 2001

PHENIX EMC-RICH Trigger

e e RICH alone
Rejection Powers: ———
—— =1
| | ' V4
|2x2 Tiles: Different Granularity | “E Il {
b ! s e
e “ e
: ) e
2 o —— 10 i
/,/f A T T A e tho otpnel”
10 ‘% = el _
s = lEMC alone
/// o
2 Vs 2 5;
10 o ' i
. ~. 1
o 02 04 05 . 08 1 12
EMCal Threashold (GeV)
Rejection at 900 MeV =
EMC Threshold: . , ) . X
EMC*RICH 4500 L N T

g November 29, 2001

PHENIX EMC-RICH Trigger
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Efficiencies for Electrons from Open Charm

(B eprmmae ], e Eaca e
i £ N FE T I PN
0 R § x
) AT 4 Z

I ’ - . : / F

by T mmen | OE 74 BN A B
5 Z TR A ==
J p.. R = T . N lwrt
T BT . ;“
N B SR S SN DR D N T o N i
L oo M N e e iom
B on cwef @D :-c.nmu. e | {ERcei Tiwesnoii TS eV o
- [ertx0
[ i T I L
N AT e . 2, AL L 4
EY [ Lt
N SN s : v
; v s A i WiT4
E / o Wic=1a W . a. / / adrorcees i'l"::"
EY S :suu: | : /) 7 T RS NN, Y.
/ (3 = e . : . //
A 5 G UK OO U D W =4
oA oz o f2_':94. "ip - 1A 2 o4 as as 1 1.2 $4 ' 18 iz
Truraverne harne ror (Ge¥) T e Waenenium (Ge¥)
!’ November 29, 2001 PHENIX EMC-RICH Trigger

Fragmentatlon Functlon Measurements a’c Belle

Matthias Grosse’ Perdekamp RBRC

Motivation: Avenues to Transversity
The Belle Experiment
How to Access Collins and Interference Fragmentation

Rates

g November 29, 2001 PHENIX EMC-RICH Trigger
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- Avenues to Transversity -

Polarized pp Polarized DIS
RHIC/BNL HERA/DESY, SPS/CERN, EIC, TESLA-N
{Approved Transvessity Programs) i &
. W g
@ Colfins Effect: l @ CollinsEffect : 5 s
Ap(ppy ~ T4 +X) Arllp, —r et +X) 20
T O
® 7°, 7" Interference Fragmentation : > '
Alpp =z m7)+X) ® z°, 7" Interference Fragmentation : ) 5‘ U
AT(lpL—->I+(_7z‘,7t‘)+X) 2 e}
oo

® Drell Yan: A (p.p, — 1) < 87-8F Ry

® Inclusive jet production
5-107 < A £3-107°

Observables o 8- H

( O =< distribution-func. x fragmentation func.)

Need Collins and Interference Fragmentation Functions

g November 29, 2001

PHENIX EMC-RICH Trigger

Tfarisversfty .at -RH!C

@ Measure &5+ &, STAR, PHENIX, (PHOBOS)
8-C  STAR
[&-6§ PHENIX (after luminosity upgrade))

& Measure &,,C

& Tensor Charge

(Exploratory run in 2002, full integrated luminosity in FY2006)

in e"e” using b -factory data - >RBRC
group has joined Belle (July 2nd)

Lattice calculation at RBRC

T.Blum, S. Sasaki, S. Ohta

8 November 29, 2001

PHENIX EMC-RICH Trigger
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B factories Blle, Baber, Cleo...

Belle
8GeV+3.5GeV
1.3/fb/week
Babar
SGCeV+3.1GeV
~1/fb/week
Cleo

4,7GeV+5.6GeV
~0.35/fb/week

All have almost hermetic
collider detector with
good PID

9 November 29, 2001

PHENIX EMC-RICH Trigger

e+e_ _) (ﬂ;+)]et1(ﬂ-“)]et2 X i

Without n
using _
T <

jet axis

A< H(z)H(z,)cos(¢, +¢,)
= H(z,)H (z,)cos(29)

Spin of quarks are
100% correlated!

e+

Extracting the Collins Function

” November 29, 2001

PHENIX EMC-RICH Trigger
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FF measurements at b-factories

Experimental Requirements ete” Belle
Jet production from light quarks Off resonance data
Energy at which pQCD is applicable s~100GeV?
Moderate energy for analyzing power
FF decreases as energy increases s(Belle) << s(LEP)
Q2 evolution is interesting
Avoid extra complication from Z pole "s(Belle) < M,

Requires good detector:
Wide acceptance
Momentum/mass resoiution Belle!
PID capability

H*H and F*F can be measured (time frame: + 2years)

” November 29, 2001 PHENIX EMC-RICH Trigger

Belle Luminosity Information

On-Resonance Off-Resonance
10.58GeV 10.52GeV
bb cross section = 1.19nb cross section = 3.08nb
~32/fb on tape Motivation : Background study
~240/pb/day 2.3/fb = 6.4 10° Events on tape
peak L = 4.44 1033 /cm/cm/s DST processing speed ~850/pb/day
World Record! Analysis ~50 events/sec on 1686 450MHz

design L = 10.0 1033/cm/cm/s
(Babar = 3.3 10%%)

35000 ——

— &l dats, - R - off energy scan
T T

T T T T T T T AL

- 7

B E
g B 3 /R
£ 20000 5 .
g E : . E
3 15000 | : / :
T oo | E
= o | e : ]
3 g i — ]
O Lt 1 0y Tt o« T .

572411999 12/13/199% 7 1222002 &132001

Belle log total : 31872.2 pb™* Date
ruminfs v f 4] Ex03 Ran) - Bxol3 Rom 521 BELLIE LEVEL batest
8 November 29, 2001 PHENIX EMC-RICH Trigger
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Rate estimates
cC 0-0.2 02-04 04-0.6 0.6-0.8 0.8-1.0 (z1)
0-02 | 0.00031 0.00068 0.0014 0.0032 0.0072
0.2-0.4 | 0.00068 0.0015 0.0031 0.0070 0.016

04-0.6 | 0.0014 0.0030 0.0063 0.014 0.032
0.6-0.8 | 0.0032 0.0070 0.014 0.033 0.073-

0.8-1.0 1 0.0072 0.016 0.032 0.073 0.16 Estimate of

S(F*F) = 8A/cos(t+9)
Cg For ~2.3/fb ~ 6M Events
0-0.2 0.0014 0.00063 0.0012 0.0027 0.0060
0.2-0.4 1 0.0029 0.0014 0.0027 0.0058 0.013 corresponding to ~2
0.4-0.6 { 0.0061 0.0028 0.0055 0.012 0.027 weeks of off resonance

0.6-0.8 | 0.014 0.0064 0.013 0.027 0.062 data taking on tape.
0.8-1.0 1 0.030 0.014 0.028 0.061 0.14 i

qq
0-0.2 | 0.0058 0.0027 0.0053 0.012 0.026
0.2-0.4 | 0.0027 0.0013 0.0025 0.0053 0.012
0.4-0.6 | 0.0053 0.0025 0.00483 0.010 0.024
0.6-0.8 { 0.012 0.0053 0.010 0.023 0.051
0.8-1.0 { 0.026 0012 0.024 0051 0.12
2

November 29, 2001 PHENIX EMC-RICH Trig_ger

Sz dis';tribu"cio‘ns

Charged Hadrons for Collins Pairs for &,
Y Er 5803

450
J\%%Q All o
o Plon * 85% Unidentifed @ m=0.5-1GeV

Kaon 10% ss0
Praocizn 50/:;7 2Pion @ m=0.5-1GeV
e 2Kaon @ m<l.1GeV

50
Ty
£ 1 0 ] [
o 1 8 05 1 15 3 25 3 35 4 45 5 55
E ~5*%Z
10K total / 5K hadronic Event ~ Belle has 1500 times more data
9 November 29, 2001 PHENIX EMC-RICH Trigger
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Current Activities:,

Belie A small group of RHIC experimenters has joined Belle
Matthias G. Perdekamp (RBRC)
Ogawa Akio (Penn State Univ)
Soeren Lange (University of Frankfurt)

Belle collaborators:
Soeren Lange
Bruce Yabsley { KEK)

Theoretical aspects:
Daniel Boer (RBRC / Free University)

Robert Jaffe (MIT)
Delphi Oliver Passon  (Wuppertal Univ)
Klaus Hamacher (Wuppertal Univ}
Opal Albert de Roeck (CERN})
Babar ?
Cleo 7”2
8 November 29, 2001 PHENIX EMC-RICH Trigger

Conclusions -

® 5g(x) remain as the last unmeasured leading twist distribution
functions and have attracted strong theoretical interest. Experimen-
tal methods are at hand to access transversity distributions.

® HERMES and Belle will provide first reliable information on
the size of the analyzing powers in the near future.

® RHIC's transversity program comprises several channels to
access transversity. A rigorous program can be carried out
with existing detectors and 10 weeks of beam time but
require knwoledge of certain fragmentation
functions: Belle

9 November 29, 2001 PHENIX EMC-RICH Trigger
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Asymmetry Measurement of Charged Hadrons -
First Look at the Gluon Polarization in 2001

Yuji Goto
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Asymmetry Measurement

of Charged Hadrons
— first look at the gluon polarization in 2001

RBRC Review 2001
November 29, 2001
Yuj1 Goto



9/

Spin physics with pions/hadrons

o 79/m*/charged-hadrons

— gluon polarization
information in 15t year of

. . . o :""I""I""I""rl""l""l""_
pOIarlzed proton collisions < 0.04 F 6S95-NLO-A for Spb™, 50% polarization g
— different asymmetry for 0035 E
neutral/charged 003 b
pions/hadrons by quark- P
flavor decomposition R
: 0.02 F
« m*/charged-hadrons in the nors b
PHENIX central arms oor b
- %?};V/c<pT<5GeV/c : O 0.005 _
| O:.....l....l....ll.;.l....l....l....:
~ p>5GeV/e : T-ID by S R -V

EMCal/RICH : ' Asymmetry
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Charged hadron trigger

e requirements

yield =» efficiency

* 0A4,;,<0.5% in each bin required

« 2x10° entries in each bin
necessary for 50% polarization

— trigger rate =¥ rejection factor

e min.bias 250kHz at maximum

« down to 2-3kHz by 1s-level
trigger

. down to 800Hz by 2d-level

Ist-level trigger

EMCal multiplicity trigger for p,
>2GeV/e

large trigger bias
=» inclusive trigger (multiplicity=1)

EMCal Multiplicity Trigger |

o B
3 b
a 0
= 4 i
8 E
g
10°
:
—>i ---------------------------
10° -
i
i
10 [
i
q
0 4 6 8 10
Multiplicity Cut
pip yield
3 | |
10 minimum bias o
2 thre=0.75GeV prescale-—3
=10 -4~ thre=0.25GeV,prescale=50 -
mlmmum bias, prescale-10(l0
10 EGeVpreéeale-o,..‘, by-litself
0 9GeV pres¢ ale-1 trg by—|ltse|f
10 :
10
:«:[i_m_‘
10k S e
10 P e
==
10 B T Rk T e
bl —] ——
- ’_—‘—-
I — e Lt
6 8 10

pT[GeVic]
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Charged hadron trigger

o 2vd.Jevel trigger

— drift chamber (DC) trigger on the
event builder

e proposal
— Ist-level trigger

efficiency
!

1 iy Lfﬁmv &
- r

* trigger rate ~1.3kHz

* 1inclusive trigger - /
e 0.9GeV threshold 0.6 [_. el b e b b
* rejection factor ~190 - | pp>1GeV/e

073 .Y M P—

IIII

p>2GeVic | DC X1.and. X2

nd ;
— 2nd-]evel trigger [ rBsaGevie

« p~2GeV/e
» rejection factor ~6
* trigger rate ~220

e
b

(=]

ST T
N
»~
o
o®

10
[GeVic]



Electromagnetic Calorimeter: From Heavy Ion to
Spin Physics

Alexander Bazilevsky

79
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PHENIX EMCal:
from Heavy lIon to Spin Physics

Alexander Bazilevsky

RBRC Scientific Review Committee Meeting
November 29-30, 2001

v’ Major results from Au-Au Run-2000
v’ Towards polarized-pp Run-2001



Run-2000 “EMCal” results

Z8

Au-Au at Vs\,=130 GeV

U Energy Density
dE /dn

] Transverse energy scaling
dE/dn and <E>/<N_>vs N

d Jet Quenching?

Suppression of nt¥ at large p,

participant



Run-2000 configuration

PHENIX Detector - First Year P

hysics Run

rq AN Central pey /N 11 Installed
* Two central arms Cowse SR TN e Active
— Mechanically ~complete AT YRR
— Roughly half of aperture
instrumented

— 3 EMCal sectors of 8 ‘-<:

(2 PbSc + 1PbGI)

TOF
West Beam View

 Global detectors

— Zero-degree Calorimeters (ZDCs)
— Beam-Beam Counters (BBCs) N /X

— Multiplicity and Vertex Detector %‘*D(’S,;hm
(MVD, engineering run) |

Central Magnet

i
15
i}

]

ﬁ ] ZDC North
- iy

o

i S Tmvt N

South SideView




b

Define centrality classes

ZeroDegreeCalor vs BeamBeamCounter

Extract N participahts, L

Glauber model

Normalized to 6=7.2 b

0%-5%
5%-10%
10%-15%

<Bt>=503 GeV
<Et>=409 GeV
<Et>=340 GeV

Ampltide In 2DC (au) |,

Ampitide In BEC (a.1)

“mm] snmﬂg T TV

10

ff
ﬂjuﬁ 1 Hﬂ LH

Lot

¢ oo 200 oS00 400 800 600 IO 800
| Ellnj<05)(GeV)

H JHHut
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KEtvs N of pérticipants

PRL 87 (2001) 052301
= o | v Fit: dEt/dn < N,
€ I 8 PHENIX:  0=1.130.05
! e WA9S: a=1.08+0.06
- 1.— E.: T
yf_n 5i_ ® - PHENIX S 0-4;" v <E>/<N_> remains
5 [ O-wass Fo02 ; constant with N, ,
o ('.I) S T ot .) L Additional energy density
0 100 200 300 < 0 100 200 300

Npart

achieved by increase in

Npart . .
| particle production

Energy density (Bjorken)

1 dE
Rt dy

g ~ 4.6 GeV/fm? ~1.6xCERN
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1500F

1000}

3 ¢
S
s000f
aon
2000f

0’°s
p/2 GeV
asym<0.8

[
41-0 roocnnctvrrnt
i 1 CCONMSFUucCtio
0 &
“'ia\ 1 Au-Au
% — 5 Vsyy= 130 GeV
0 © ¥y=0
= 1 F 0-10% central
= *  60-80% peripheral
g 8
o - o
o -1 .
Z 10 F G 5
O ; . 8
£ - ) .
h g _2 a ¢
é{“; 10 F : ¥
= .
- '
Z .3
< | ® PbSc 7w .
— 10 = © PbGl : '
4 [ —Scaled p-p reference E
10 ) b 1 ] l 1 1 1 1 I 1 1 L ] I 1 1 ] ]
0 1 2 3 4
p; (GeV/c)

Results from PbSc and PbGl

are consistent
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n! p, distribution

Peripheral

® PHENIX Preliminary

10 12 7p.) 4 Nrdp.d T (ciGeY 2)

10

10“EllllllllllllllllllIllIIIIIIIIIHIIIHIIIHI|HII

0 0.5 1 1,52 2.5 3 3.54 4.5 5
py (GeVic)

3 Good agreement with

pQCD calculations

10% central

2
10 :L‘ B PHENIX Preliminary

X.N. Wang, Phys.
Rev. C61, 064910
(2000).

~ no nuclear effects

_ pt-broadening +

/ Shadowing

4N 12 Tp.) ¢ N/dp.d 1 (c-GeY 3)
|

10k R

F X _ dE/dx = 0.25 GeV/fmm
10 Q/
10-‘5—

:L[ll‘||||||I||Ill||lllllllllllllll'll||lllllllill

0 0.51 1.5 2 2.5 3 3.5 4 4.5 5

Py (GeVic)

d pQCD overestimates the cross
section = Jet Quenching ?
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A

From R

N N 4d - Hr.._.. "OaN1
-2000 to Run-2001

Run-2000

PHENIX Detector - First Year Physics Run

Installed

Central rers & N, . .
Su 0y Active

Mugaet i

§ N e 1 A S
o . . p?/ oy
- : tor
.| "’”‘I . —
Waost BeamView East

3 EMCal sectors
(2 PbSc + 1 PbGl)

Run-2001

Centenl
Maguot

|

West Beam View Fast

8 EMCal sectors
(6 PbSc + 2 PbGl)



Run-2001 Au-Au data

EMCal calibration

v Set with MIP peak position on the SuperModule

v Checked with Pi0 mass peak

68

80000

80000

700001

60000

50000
40000

30000

20000

10000[

level (12x12 towers)

= Residual tower by tower variation is ~5%
» Global calibration accuracy is within 1.5%

= accuracy about 2% - limited statistics

1

-

MIP

all EMCal
clusters

TR BT B TN BT TRR M ma e o SOV

0 01020304 0506070809

E, (GeV)

Yield

140
120f

L i L 1 L 1. 1

10

in peripheral
collisions

02 03 04 05
M (Govic?)

PHENIX preliminary results

Will be ready by
the time of presentation




EMCal in pol-pp run-2001

EMCal main goal in coming pol-pp run:

&4

. 3 0.04 e e
First measurements of Ag through nt° < [ — GsesoNLO-A
. . . . — GS95-NLO-B
production asymmetry in longitudinally 44, [ — Cs95NL0—¢
. o . e e AAC-NLO -1
polarized proton collisions - ]
EXP _ 1 .N++/L++_N+—/L+— O T - ‘L
LL P,P,, N,, / L +N, / L, | - () for 5pb™!, 50% polarization :
_0.02 llll|Il__ll]I_._lll'Illllllll'llll|‘||ll
P — Beam polarization 0 1 2 5 4 0 6
pr (GeV/c)
N — Number of events 7 Asymmetry
L — Luminosity | |
- 1 veconstruction: lrom Au-Au to p-p
~IM “minibias” events Foooo) Sl S| AlLEM clusters
o 25000} /J, h Perfect photon 11D
» .~ ) 1w}
! %(Y"f) ~ 4 Q‘“W C \ ]
‘ 15000 (,J‘ | i | _
L “hfe” 1S IllUCh o ;. Aut-Au (data) . p-p (MC)

per

?'easmr than Au»—»Au B Lol o

k£ 1 !
PO S | ool s Lo ,MJ
: 0 = IS N T
- , o 0 0.05 0.1 0.15 0.2 0.25 03 0.35 04 045 0.5 ' o Uit ‘***" bl A

806 Bl 236 02 02 D3 A3 P4 G46 @S

,f M (GeV/eA2t) L M (GeVich)




Asymmetry measurements

Asymmetry measurement
exercise done in Au-Au data

black / Lblack

red /Lred

L

Photon-like clusters in EMCal

/

black / Lblack + N red / Lted

N

foo

ﬁ\+

bad bl o
o
e kaas

o “H"JH T
: A= (05+05)i

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

55 bunches (of 120) filled (only odd numbers)

P

i

Int. luminosity (arb. units)
' % §

l
|
i
(

n0’s

g o e e e

A= (-4.3£5.5)%

" uu \'Nillulllllll!\lll | li

0.2

||||||||||||||||||

,,,,,

o o5 1t 15 2

25 3
P, (GoV)

i

!
JiHIUIIIMHH

o
60 80 100 120 [

BCC
Assuming bunches # 1,5,9 ...
with parallel polarization
Assuming bunches # 3,7,11 ...

with anti-parallel polarization

L el
2
| —-{
-
2,
)
g
£
7]
Q
£,
=y
gad
£

ﬂ

|||||||||||||||||

So far so good:
no (false) asymmetries
in Au-Au data
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Summary

O First interesting (and intriguing !) results
obtained in Au-Au collisions at Vs, =130 GeV

O New data collected in Au-Au collisions at
Vsn=200 GeV; first results already coming

O First data from polarized proton collisions
coming soon; EMCal ready for first data
analysis



Hunﬁng for Physics Beyond the Standard Model
at RHIC with Parity Violation

Jiro Murata
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Simulation Study for Hunting Contact Interaction at RHIC

Jiro Murata

Contents

B B B E BE H B B H H H

Overview of BYSM at RHIC

Event generator for BYSM physics
Contact Interaction

Simulation Formalism
Interference Correction

Results on Drell-Yan

Results on Jet Production

Fine Structure of Jacobean Peak
Comparison with Other Theoretical Calculation
PV in pion production

Strategy to the GOAL

RBRC Review 2001 11/29-30/01  Jiro Murata
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Overview of BYSM in RHIC

RHIC-Spin

RHIC: polarized proton-proton collider at

Js = 200, 500, (650) GeV
Provide Various Symmetry Test in Hadronic Reaction
BYSM Asymmetries ?

Beam Energy isn’t too low ???
RHIC 0.5 TeV (850pb-1) A S
TEVATRON 2 TeV (30fb-1) by 2006
LHC 14 TeV (100fb-1)

Systematic Error can be significantly suppressed by
measuring spin asymmetries

J.-M. Virey . -

Beam polarization makes RHIC competitive to SR a,;:;;.,;{i-:i—:{::{'l‘:
TEVATRON Run IIb! A ST I

Next generation lepton colliders also needs beam ooal  Parity Violation";x‘
polarization to compete with hadron colliders. at RHIC s

50 100

Eq (GeV)
RBRC Review 2001 11/29-30/01 Jiro Murata -4
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Contact Interaction, (quark/lepton) Compositeness

Model Independent Scale Parameter A

0
e

Interference bet. SM & CI : Positive or Negative
Coupling Chirality: Left-handed - Right-handed
Contact Interaction can be Parity Violating Interaction

RBRC Review 2001

11/29-30/01

Jiro Murata

~

[

4

quark (lepton)
Form Factor

w AT

gp —> et +anytning

JE = 10 Tev

ao/omay] o Jan/tcev/:]

a0/ apyiyee (007 GowseS]

. -
) 3 18
0N .{$
R - i I 1 1. L A 2
i o T } R T} 10 13 [0 2
o~ Gevsel Pair Mose (Tev/c')

e qory  FI0 130 Cuns section do/doddv], oy o6 diltptos produ

" end ateite b it pp odlivies AL YR 210 TeV, accarding 1o the peiten
\:m Jusbutiios 1 Sk 1 Tha curvas aee Labelad by the componic
s

' 1 b lteled - 0 - .
far ey L omted Liews, ngss + 1 fdasbd ot nes seaie A7 08 TeV) oo = Taoted finch, mj e ¢} ideated
. fine

E. Eichten et all;
Rev.Mod.Phys.v56,n4 (84) 579
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Motivation for the Simulation Study

Parity Violation on Jet Production

0.15 T =

Symmetry Test @ RHIC

Physics Beyond Standard Model 1?
NEED Simulation as SM Reference

0.08 -

PV
A

enu—t [
g

o1} J-M. Virey

PR UGYN
= M},ﬁf_{—;{’_i'.‘{ i -

1

~00s | RHIC: A ~3TeV

en=1 R .

PN R a—

1.
50 100
Ep (GeV)

RBRC Review 2001

MS

un-polarized

New Physics in PYTHIA
4th generation fermions
New gauge boson
Leptoquarks
Compositeness
Excited fermions

Technicolor

polérize'd

Pol-PDF
Matrix Elements

.

Asymmetry Weight

Cross Check of Theoretical Calculation using

same Matrix Elements and pol-PDF (SM+CI)

11/29-30/01  Jiro Murata

Full Detector Simulation using Event Generatior
for Direct Comparison (SM)
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Interference Effect and New Interaction in PYTHIA

DY: ¥y +Z + 7-Z
+ CI + 7-CI + Z-CI
ISUB 165 (Single Sub-Process)

Jet: g+7r +Z+ W

QCD: ISUB 11,12 = g + CI + g-CI

+ CI +7-CI + Z-CI + W-CI

+9-vr +9-Z+gW+ r-Z+7r-W+ Z-W
+ CI + g-CI +v-CI + Z-CI + W-CI

EW: ISUB 165,166 =y +Z+W + v-Z +7-W + Z-W

Separating sub-process: QCD + EW = No Intérference !

,Y* /70

eIy IZIW

~

No Way to include QCD-EW Intererecence: g-v + g-Z + g-w

Event Generation -> QCD process only

Event by Event Weight for Asymmetry Weight:

RBRC Review 2001 11/29-30/01

Weight — Weight x

Z O process B

process={QCD+EW +CI?

Gprocess:IQCDlz

Jiro Murata
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Event Generation Results on Drell-Yan Process

Mass Spectra CDF DY Data

S IO 2 1 T 10!

wa Ve=500GeV Va=750GeV Ve=1000GeV

S~

e~

& ! excess

§ 10 ) A=1TeV

S )

.- e

%IO A=3TeV

E A=5TeV

D]O -6 I S W | l | I S N | L1 1 1 | { TN D I | I OO W | | T S |

0 100 2000 100 2000 100 200 e A e T
Mass (GeV/c 2 e

PYTHIA ONLY V. Barger et al;
Constructive Interference (g =1) Phys. Rev. D57 (98) 391
MSTP(5)=4 all quarks are composite _ , »
KFPR(165)=13 CI goes muon channel . 1
Pure Left-handed (Small Effect) Dominant Term “Az

RBRC Review 2001 11/29-30/01 Jiro Murata
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Expected Parity Violation for Drell-Yan

= g2 [ T 100060y Constructive Interference
< [ Vs=500Gev - Vs=750Ge [ Yemitunhe Pure Left-handed
01 C _t_ A=1TeV || PDF: GS95NLO-A
T . o || pp=>dimuon
~ N A=3TeV
0 : A=8TeV
_().1 : 1 1 ] 1 ' 1 1 1 : 11 1 1 ‘ 1 i 1 i : 1 1 1 1 I 1 1 [ 1
g 021 //“ - B Sensitive Region —E
E - L - 1. ~80GeV < Mass < Z
< " -
£ o1 F | = el 2. Mass>7Z g
0 : ‘__ﬁ‘vmgé SM=0
_O.] E ] 1 1} ) ! 1 ] 1 13 . 1 t ] ] l S N T T | : 1 1 ) 1 | 1 1 1 1
0 100 2000 100 2000 100 200
: Mass (GeV/e 2)

RBRC Review 2001 11/29-30/01  Jiro Murata
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Simulate quark-quark Contact Interaction

g8 = g2
L
88 = 47 g
99 — 88
98 =98 82 Terms [DY:& Terms]
W7 g0, 92, 12
99-44 I, g-CI, y-CI, Z-CI
99 — 4
q94'— 94’
39'-qq" a,v,2,W,v-Z, g-W, v-W, Z-W
q9'— 44" CI, v -CI, Z-CI, W-CI
99 =47 |

)
—~ 10 g—
= El
S f
vn 10 E
10 ‘3;_]] Total Jet CS
ab
10 =
sk
10 F
.6F
10 F qq to qg dominant
F >
10
.3:
10 = W,
.9E '--'u1
0 =
10'10? ‘IS=650G9V \
10 - EI vl b doadoa oo b b
0 20 40 60 80 100120 140
P, (GeV/c)

RBRC Review 2001

Should Have C.I. Sensitivity on high Pt !

11/29-30/01

Jiro Murata

—i-
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Sensitivity of the Contact Interaction in Jet Asymmetry

1
Iy

- 70% Polarization (Ap=0)
. Full Detection Efficiency

10% Systematic Error
pol-PDF = GS-95 NLO-A

t
{

(PYTHIA+POLBEYOND Oct 00 Jiro Murata)
1

Vs=650GeV, L=8000pb ™’
pos. int.

Lone o,

i
|

SM

]

J

50 100

Parity ViolatiQn in Jet Production by Contact Interaction at RHIC
~ 01 ~ .
~ Vs=500GeV, L=800pb "' = _
< 0.08 | \qTev 00s. int, T 0.08 b AliTev
0.06 t -l sm0.06 +
0.04 | ‘ 0.04 }
0.02 t 0.02
0 N 0
-0.02 t heo o -0.02
-0.04 t 70% Polarization (Ap=0) " L -0.04
. . Full Detection Efficiency -
0.06 10% Systematic Error : 0.00
'0-5)8 ' poPDF =GS-95NLO-A | -0.08 f
-0.1 X - 0.1
0 S0 100 150 0
P, (GeV/e)

P (GeV/e)

150

Event Generation = QCD + EW (Separated Sub-Processes)
-> Interference bet. QCD & EW was not correctly treated
Without Interference Correction

RBRC Review 2001

11/29-30/01 Jiro Murata

—i-
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Discovery Limit on Drell-Yan and Jet Production Processes

Required Integrared Luminosity

N 10 7:
& W \8:300GaV
E
£ A V575000V
3 ot v iseto000ev e
4 - s .,-x/"
r L L P22
W o oy
I.' - 4
5 g A
- 5 -
10°7% e ¥
£ e
e A./‘;'T
10% i e
i 7k
I i
L l"
i A
0 Y Ll
E W/
c ¥
/'
A
i -1
0% 800pb
E pol=70%, Full Acceptance and Etficlancy
Mass Window « Solld Line : 85.200GeV, Dashed Line : 80-80GeV
¢ 1 P TR 1 { P T
0 ! 2 3 o h 6
MTeV)

A limit < 1.2 TeV @ 800pb
Clean, but small statics ..

Now we see that we can have sensitivity !
What we must do is a precise SM calculation as reference
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Discovery Limits for Conlact Interaction ~ QOct 00 Jiro Murata
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A limit ~ 3.2 TeV @ 800pb-1

Jiro Murata



SOt

After Interference Correction;
Fine Structure of the Jacobean Peak

|Total PV Asymmetiy
0.005
0.004}- W

0.0031 R v J&f\w o weighted
\ *sfv/ ¢ unweighted
Yoy
o002 ¥ Rad/

0.001 Around Jacobean Peak
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Width ~ T0Gey | USSESRERSREES
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[Process Separated PV Asymmetry |
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Jacobean Peak Width ~ W Width
Major Process : q gbar’ -> q gbar’
(Dominant: QCD-W,QCD-Z Int.)

A little Z Contribution
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Comparison with

PV Asymmetry A}, for inclusive Jet
AL

Other Theoretical Calculations

o
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0.07 J5=500GeV  Murata 1.6TqV

L

0.06—

0,05

uratg
jIIA]["

k
Vired
L

[nk-d

0.09

0.03

N ==

0.02|-

0.01

GRY
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Present Study 500GeV, GSA, y~0, LO
s SM & Lambda=1.6TeV
J. =M. Virey 500GeV, GRSV, y=0, LO
SM & Lambda=1.6TeV

J. Ellis et al. 300GeV & 600GeV, GSA, y=0,NLO
SM

SM

NLO Dependence is ~%
PDF Dependence should be studied
Jacobean Peak is sensitive to interference treatment
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RBRC Review 2001

11/29-30/01 Jiro Murata 4




L0T

Strategy

NOW | PDF, Pol-PDF [] SM Higher Order

NLO

PDF

Cross 'Section

]
$ :
RHIC-Spin
PDF & pol-PDF 200GeV,500GeV NLO,NNLO

Matrix Elements

Matrix Elements ~ i ———— for QCD Jet, EW

(Helicity Dependent) J.Ellis, Stefano Moretti, D.Ross
W.Vogelsang
2000 2001 2002 2003 ? ?

RBRC Review 2001 11/29-30/01 Jiro Murata 4



Polarimetry for RHIC

Kazu Kurita
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RHIC Polarimeter

RBRC Review
Nov. 29, 2001
Kazu Kurita (RBRC)

Outlme
o RHIC Polarimeter

1, run2001 conﬁguratlon
- 2, WFD readout : |
3, RHIC control and the format

= ZOOMeV Polarlmeter Cahbratlon »
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Two Polarimeters in RHIC
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- RUN2001 Configuration

= Blue and Yellow polarimeters

s Six Si detectors in each rings

» 12x6 strips * 2 rings = 144 strips
= WFD 4 ch x 12 modules = 48

» TWo snakes in each rings



;Si Detector Orientation

2001 configuration ? Sl
si #2| D] si#s E
Si #3 down Si #6 beam ~ MWWL_M} 5

90 de'gree Si
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 Si Detector Read Out

— 48 ch total
WFD

I | ™o H 22,

M

| Mode 3

G — So— Mode 2 ode
Y ¢ v

e
L e s %‘-\- ~«;«>~"' *'--su(-u",,.:s *ﬁ‘wwﬁgmm%
i Vol ¢ o §

FEEEEEN B ~50l15 ET

Cwoomv| S mEme T Carbon counts
B R Nc(-t) for each
bunch
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' Carbon pulse
in ch 2
Starting
pulse

.

MIPs 999 Fast particles .~

20 20 &0 )

.1 WFD module V1, 4 channels

« Common external trigger, 3 chans
relative to reference pulse on ch. 4
« Waveforms are read to PC

o

20 20 0 80
tvS.e

e Off-line event
reconstruction
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| FG Block Diamm‘ |
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-~ Histograms Archived at 1012

= Bunch by bunch Carbon counts within
defined energy range

» Energy dependent Carbon counts for
+,-,0 beam bunches

‘- 32 T x 16(8) E banana plot (New)
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Data format

. typedef struct {
double runIdS /] FILL. XXX --- where XXX is the run number
long startTmeS // Unix time
long stopT(meS; /1 Unix time
char daqVersionS{80];
char cutldS[80];
char targetldS{80]; // "Horz.tagret3" or "Vert.target6” etc.
long encoderPositionS[2];
long statusS; // bit pattern if <0 data is not usable
char statusStringS[80];
long totalCountsS;
long upCountsS;
long downCountsS;
long unpolCountsS;
long countsUpLeftS[360];
long countsLeftS[360];
long countsDownlLeftS{360];
long countsDownRightS[360];
leng countsRightS[360];
long countsUpRightS[360];
float avgAsymXS;
float avgAsymX455;
float avgAsymX90S;
float avgAsymYS;
float avgAsymErrorXS;
float avgAsymErrorX45S;
float avgAsymErrorX90S;
float avgAsymErrorYS;
float bunchAsymXS[360);
float bunchAsymYS[360];
float bunchAsymErrorXS[360];
float bunchAsymErrorYS[360];
float beamEnergyS; // the same as ringSpec.color:beamEnergyM just for reference
float analyzingPowerS;
float analyzingPowerErrorS;
long numberEventsS; // provided by MCR before measurement
long maxTimeS; // provtded by MCR before measurement, triggers measurement
} polDataStruct;
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~& RHIC Polarimeter Summary

= Successful WFD readout last year

= Commission of the second Polarimeter
is to be done

= Online Carbon count processing is
planned.

= History plots on the WEB to show the
stability of the measurements
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 200MeV Polarimeter Issues

n '1, Question on the absolute polarization
» 2, Stability of the polarimeter (rate dep.
etc..) %

Anatoli
Haixin
Dima, Igor, Kazu



Left proton (105MeV)

64 deg | |
Left deut.  (95MeV)

43 deg

200 MeV p beam 12 deg.

- Inclusive arms

-

YA

Right deut.

\ Right proton

I Inclusive counter dE1*dE2

Deuteron arm dE*E*veto
LD*RP or RD*LP
D Proton arm dE1*dE2
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Deuteron Arm

12 degree counters
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pD Polarimeter Summary

RIS Y e e




A New Local Polarimeter for RHIC and EIC

Abhay Deshpande
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Phenix Local Polarimeter

Abhay Deshpande
Work Done With
' B. Fox, A. Basilevsky, Y. Goto, N. Saito, G. Bunce, Y. Makdisi

Lots of “visiting” help from
Y. Fukao, K. Imai, R. Muto, M. Togawa, F. Sakuma,
Y. Watanabe

Local Special Help from
L. Bland

11/29/01 A. Deshpande, RBRC Review



oet

Why another polarimeter?

It is expected that eventually (when high energy polarized proton
beams for experiments become a “routine”) one would measure beam
polarization in a storage ring only at one place!

Until then, we should be skeptical!

> we are about to have the first polarized proton collider: one should
have as many cross checks as possible of all “beliefs” we may have
about the polarization of the protons

PHENIX & STAR will have spin rotators which will turn the
transverse spin orientation of the protons to longitudinal and back
between the two spin rotators

How longitudinal would the proton spin be between the two spin
rotators in the experimental areas?

Need for direct measurement of longitudinal orientation of spins
between the two rotators.

11/29/01 A. Deshpande, RBRC Review
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The idea behind the ©t0 polarimeter

e Robust analyzing power in forward pi0 production in inclusive

- forward transverse pp scattering has been observed at low Sqrt(s)(~20
GeV)

« At these energies soft QCD effects are dominant and there have been
attempts of model building for these.

e If the analyzing power persists at RHIC energies, it could be used as a
polarimeter:

=>» Rotators OFF: Perform measurement with transverse polarized
protons and measure asymmetry... calibrate and use as polarimeter

=» Rotators ON: If protons are absolutely longitudinal in PHENIX &
STAR, there should be no asymmetry seen what so ever.... A way to
check if the spin rotator magnets at are working properly.

11/29/01 A. Deshpande, RBRC Review
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Qui & Sterman

Theory & Expectation
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Schematic of the Experiment

IP12
4 +18m
-2m | +2m
Trigger Counters
Neutron
Veto

Calorimeter

Not to Scale Preshower

DN

11/29/01 A. Deshpande, RBRC Review Chaﬁge Veto
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Polarimeter Location: 12 O’clock West

SRR USRI TR AT P 5 . - ;s - B eV I PR
i . ) T ; ;

1l

l a o
v 4 R oA AT AT RIS DI

11/29/01 A Deshpande, RBRC Review
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ter Location:
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Polar

135

CVICW
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A. Deshpan

11/29/01
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Layout of Scintiliator Paddies

a a [v3 o

i

/ 15,6500 [:97.%1]——
2.9000 [73.66]-Tr/

|

||

11/29/01 " A. Deshpahde, RBRC Review

Trigger Counters separated
by +/-2m from IP12

Each : 16 plastic scintillators
(AGS-E850: EVA)
Operating Voltage:

- -2000V @ ~2mA
(SHV RG-59 cables)
(LRS 1440 supply)

- 300V @ ~1mA (booster)
(BNC RG-58 cables)
(Bertan supply
modified for 500 V max)
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. Deshpande, RBRC R

A



Single Tower Schematic

< ~20 cm o

< ~40 cm

Tyvec+Al Mylar = p-Metal

\ / /,10% Filter

PbWO4 Crystal |, |

Screw/nut

€T

1IIIIIIIWMMI-

S1 Cookie \ \

Wire Spring

PbWOzi gié’/%‘ial: 2cm X 2cm X 20cm A. Deshpande, RBRC Review Not to scale
PMT: Hamamatsu 34 inch R4125 with manufacturer fabricated base
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Aluminum Casing

Schematic
Not to scale




ovT

revi

1ne

Towers & The Calorime

er

Don V. L.
Bill D., Bill L.

Rudy A., Aron K.
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Schematic of the Local Polarimeter GMS

Interlocked Laser Box

{ Class IIIB
: N2 Laser

)

550u double clad fiber —

(100 meters)
The Wall \

Sealed GMS box

Not to scale
11/29/01 A. Deshpande, RBRC Review
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~ Test Beam

Photograph Copyright Edward Pascuzzi 2001
Brookhaven National Laboratbry
L. Bland
RIKEN-BNL Research Center
G. Bunce, A. Deshpande, Y. Goto, B. Fox, E.Pascuzzi*
Kyoto University
Y. Fukao, K. Imai,_ R. Muto, M. Togawa, F. Sakuma

Does not include names of people who worked very hard at BNL....
11/29/01 | A. Deshpande, RBRC Review

* Visitor, North Shore High School, Long Island



Final Focus Test Beam

SLC

A
" Beam

Research
Yard

EvT

B

;Beam
T \ I ﬁ/\ L
Quadrupoles Dipoles Final Quads e

Built by an international collaboration
End Station A to work on achieving minute beam spots
For work on NLC:
A. Deshpande. JGHE: Repfieron(wide) by 0.06 microdfheight)

End Station B

11/29/01
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A. Deshpande, RBRC Review
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1st Look at what we had...
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15t look at what we had....
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e Pedestal setup

e GMS setup: Laser, filters,optical
fiber(s), spectralon diffuser

e HYV voltage setup for gain
matching/calibration for each tower

o Start scanning for energy sharing
between neighboring blocks

e Position resolution critical for our
purpose:
a) Max Energy = Central Block
b) Energy shared with surrounding
block = gives the position
resolution...

=» Energy deposition in central as well
as corner and edge blocks crucial

= Detail study of shower profile

1129/01 Eventually settled on. b hdnmmndreXw2 mm beams
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Readout Electronics & DAQ Layout & Status

2m  +2m

Trigger Counters

Neutron
Veto

Calqﬁmeter

Preshower

Charge Veto
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Status

« Trigger counters in and connected, powered and tested
. Calorrmeter in, connected powered and prehrrnnary GMS tests
. Preshower counter ready to be 1nsta11ed

e Charge veto counter and neutron veto counters to be 1nsta11ed soon.

e GMS system tests performed at BNL seem to differ from the results from SLAC
e Reason not known yet, will have to investigated in place
« Cosmic calibration of the preshower counter seems to be frne
» May have to rely on this o
 Alwdys a possibility to re- -calibrate in a known energy bearn tagged photon
beam at NSLS/LEGs experiment at BNL sy

11/29/01 A. Deshpande, RBRC Review



The Electron Ion Collider (EIC)

e EIC: New name of the eRHIC
e EIC =eRHIC + EPIC

e At BNL one only needs an electron beam facility to collide with the
already existing polarized proton and heavy ion beams

e Possibility of LINAC & RING being discussed amongst accelerator
groups here at BNL and outside: 6-10 GeV polarized electron beam

e Would allow polarized ep as well as eA physics at one place & if
designed appropriately, would allow the heavy ion RHIC program and
the polarized proton programs to continue..... Choose a new IP where
nothing exists: IP12

6yl

The Whitepaper submitted to NSAC was received well.
Desire among significant number of physicists to form a collaboration.
A Meeting towards that and focus groups on interaction point development & detector
development organized at BNL in February/March 2002

11/29/01 A. Deshpande, RBRC Review



Phenix Leocal Polarimeter

G. Bunce, A. Deshpande, B. Fox, Y. Goto, K. Imai, Y. Makdisi, N. Saito

Introduction:

The Phenix Local Polarimeter (PLP) is an exploratory effort aiming to see if the
transverse proton beam polarization using the analyzing power in the inclusive forward
Pi0 production in polarized p-p scattering. Such an asymmetry has been observed in the
past but at lower sgrt(s) (~ 20 GeV) where soft QCD processes are dominant. Whether
this effect persists at the high energies RHIC remains to be seen. If it does exist, the
apparatus (the Polarimeter) will be integrated into the Phenix Detector for the future spin
running at Phenix. In Phenix it can be used in two ways. First, when the spin rotators are
switched off, this apparatus should be able to measure the asymmetry and hence measure
the polarization. Second, when the spin rotators are on, i.e. the protons in the Phenix
interaction region are ““supposed to be’’ longitudinal no asymmetry should be observed.
This is, in a way is a cross check, that the spin rotators are functioning properly.

Apparatus: Schematic diagram (not to scale is shown below)

Trigger Counters

"~ Post
shower .

“Calorimeter

- Preshower: -

The apparatus consists of two sets of 16 hodoscopes (trigger counters) which are located
about +/2m from the 12 o’clock interaction point (IP). About 18m on the east of the IP
behind the DX magnet we plan to setup a pre-shower detector, a calorimeter and a post-

150



shower detector. The calorimeter will detect the left/right asymmetry in Pi0 production
through the decay of Pi0s in to photons. The pre-shower detector and the post shower
detectors are used to establish the existence of photons over the low and high energy
neutron backgrounds that might exist in the RHIC collision environment.

Status:

The trigger hodoscopes were installed in to the RHIC ring on November 8™ 2001. The
Calorimeter is built and was tested in a high energy electron beam at SLAC in August
2001. It is back at BNL, and will be installed in RHIC on November 26" 2001 and will
be used during the polarized proton run. The data collected at SLAC are being analyzed
by two students at Kyoto University which should give us an absolute calibration for the
calibration. At the moment we have a preliminary result which we will use in the
beginning of the run. The pre-shower detector is in place, while the post shower detector
and the DAQ is being assembled at the moment.
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Normalization Trigger Counters for PHENIX

Brendan Fox
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Phenix Normalization Trigger Counters (NTCs)

A. Denisov, A. Deshpande, B. Fox, E. O’Brien, N. Saito, S. White

We intend to install normalization trigger counters (NTCs) in the PHENIX IR for the
proton-proton running period in 2001. This detector system consists of two, identical,
fiber-readout scintillator counters. Each of these counters will be situated between the
endplates of the MVD and the brass nosecone in the vertex region of the PHENIX
detector -- one will be on the north side; the other will be on the south side of the
PHENIX detector. The schematic diagram of the position of NTCs in Phenix is shown
below.

5.0-
400.0 ——
600.0 ————
1400.0

5

37

These detectors will provide:

e a normalization device with a greater coverage of the cross section than the
existing BBCs. The latter sees about 70% of the cross section. With the NTCs,
the figure is in the upper 80s. As a result of this increased coverage, the error in
the total pp-cross section will be reduced significantly, thereby improving the
ability to use the pp data to compared with the HI running. In addition, the
knowledge of the relative luminosity of different bunches is critical for the spin
program. This detector aids this effort by providing another measurement to
compare with the ZDCs and BBCs coincidence rate and thereby assure that this
critical quantity is measured correctly.

e a means for separating beam gas from beam-beam events by forming a
coincidence between the counters on each end of the PHENIX detector,
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an efficient and clean trigger with a different bias than the other "standard”
PHENIX triggers, thereby aiding with understanding the bias of the events
collected during pp-running.

a possible backup trigger for the muon arm. In the unlikely event that the
muonlID trigger board is not working at the time of the pp-running, the backup
blue logic trigger for the muon arm needs to have some road width device to
reject the unacceptable rate of cosmic ray events. Quadrants of the NTC counters
would provide the needed coincidence.

NTC
quadrant
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Muon Identifiers for PHENIX-Status

Atsushi Taketani
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Muon i1dentifiers for PHENIX
Status

Introduction of Muld

Hardware (Gas, HV)

Software (Reconstruction, Online)
Operation (Trigger)

M e

Summary

Atsushi Taketani, RBRC Review
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Physics Goal of Muon Arm fo
Spin Physics

Jib

Production Mechanism

v" Total cross section

J/ ”(p * v’ Polarization

Gluon Polarization

‘g " o=cord ﬂllenﬂeaWFla\lor * Gluon Polarization

W/LDrell-Yan gy, yark Polarization

Atsushi Taketani, RBRC Review
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wa S
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Lt e —+

AP ETR L vl UL G ARLRNE W Rl g ie )
North Muon Arm

Muon Magnet it Acceptance: 1.2 <|n <24

Total absorber ~ 10 A

int

Minimum Momentum ~
2GeV/e

2001 South Muon Arm
operation started
2002~ Both Arms operation

L i Muld
- \ Muon TfaCk?r ~ South Arm : ready for physics
| Muon Identifier Nortlll1 Aarm , ddetector has been
I . N int 10n.
Muon Identifier (MulD) installe eed integration
« 5 lavers of chambers (Ilarocci tubes AT
sand\ziched in steel ( ) Muon Tracker (Mu'lr)

« 1t misidentification probability ~ 3x10-

- used as a trigger counter

* Cathode-readout strip chambers at three
stations

« 6.~ 100um — Ap/p~3%@3~10GeV/c

Atsushi Taketani, RBRC Review
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Construction history

97-98 Construction Detector
« 99  Flood recovery, design 1nfrastruoture(Gas HV)
« 00 Integration started
First commissioning with Au-Au collision
« 01  Completed South
Taking data now.

Reconstruction program development has been simultaneously going.

Total 4 Fellows, 3 Postdocs, 6 Students has been working.
RIKEN, RBRC, Kyoto, CIAE, and TiTech

Atsushi Taketani, RBRC Review
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Flow
Control

i-C4H10

co2 T
=

Mixing Interoction
House Region
\"Pur*iFier SOU'H‘I
> Chomber Vol A thY“tPW

Purge Gos
Ne/Dry Alr >~£;;}

Compressor

=

Analyzer

Secondary Vol

Atsushi Taketani, RBRC Review

o (02-+iC4H10 (upto 9.3%)

flammable gas component

o Big volume
600 chains |
50m3 volume

Distributed in large space
oRecirculation up to 50% of flow
e0perated since May

South : chamber operation gas

North : N2 to maintain chamber health

oNo Major problem

A compressor fail -> replaced

Low pressure for C4H10 supply
-> try to fix as of Nov 10
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AL

-
——————=x oTotal 300 Chain
mgh Vuuage . - ofr 1t Main Frame | ; e

17:36.52  -Status

crov amu iy amn _eav o _Gay _ v | South Arm only

42[“ !m-
5.92

Automatic trip/crash recovery

bl ch? VoltaneVi
ch3 ch4 Curventjud]
ch5 chs

PAD

GUI operation
oTrin/Spark protection

oLog HV history

Efficiency for analysis

S B o i=nac. | @Stable operation
L Since July.
- Operational ~90% chains are operational

Low voliage

More than 95% coverage.

Atsushi Taketani, RBRC Review




691

'
i

MulD Summary: Run 32120

Total Events Examined: 1012

Events Examined for Cable Graphs: 1012
Hit Rate: 112.61

ROC OK Errors: 0

Beam OK Errors: 0

No Packet Errors: @

Instuctions: Look for dead gaps.

Hits Per ROC |

Hits/Event*100{ ]

5 10 15 20 25 30 35 40

- Horiz HV Chain B

Hits/Event*108 [

] "N 30 [ 50 60 7
e HV ChaIN,

-

Vert HV Chain 7

Hits/Event*100 [

"~ Horiz Cable }

HitsfEvent™100
o
<

) F ] 40 &0 50 100

Hits/Event™ 100

e i i e o Slanal Calle e

- e . —Slanal Cable

Atsushi Taketani, RBRC Review ‘

o Monitor Detector
Status

HV chain
Electronics

Data acquisition

eReal time Monitoring
e Useful for Diagnostics

Timing scan
Threshold scan
HV scan
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~~ § 1 E
S 2000F = :
A : > 1 F ﬁ‘f Red: Data
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Total number of hits in MulD Distance from Beam pipe(cm)

Data seems similar to MC.

Efficiency deyrades 20% at
central Au-Au collision hy MC.

Reconstruction program is
WO l‘ki ng = Atsushi Taketani, RBRC Review
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Hits/Gan/Event
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4 4,
ulD Gap

Atsushi Taketani, RBRC Review

Ohbserved higher hitrate

Low energy charged hadrons is

dominant background source by
MC study.

Stacking shield

6 inches width steel between
beam pipe and MulD panels

Reduce hitrate

Up to Stimes

Trigger Reisciion facior
5->44, fit to bandwidth.

Simplified Level 1 trigger
Full Level 2 trigger
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 South Muld is working.

. Ready for Polarized Proton run.

« North Muld will be ready for Y2002 run.

Shield implementation
LV1 trigger for higher luminosity.

Atsushi Taketani, RBRC Review



Muons at PHENIX; Measurement of the Hadronic Spin-
Flip Amplitude in Proton-Carbon Elastic Scattering

Douglas Fields

169
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- 1) Muons at Phenix.
2) Measurement of the hadronic spin-
flip amplitude in proton-carbon elastic
scattering.

e Muons in PHENIX:

— Motivation.

— Muon Spectrometers.

 Muon Tracking.
o Triggering and Physics Integration.

« E950:
— As a test for the RHIC polarimeters.
— Measurement of the hadronic spin-flip amplitude.
— As a calibration for RHIC polarimeters.

11/8/01 Douglas E. Fields - UNM/RBRC



CLT

—

o
A )
AR bk Y
R A
IR
e <L
‘,; ¥
3

— ot

ysics

* Quark-Gluon * Gluon polarization
Plasma detected via via heavy quark
suppression of J/Y.  production.

Gluon Fusion

070185 7.1

- 11/8/01 Douglas E. Fields - UNM/RBRC
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e Hadrons
* Leptons
e Photons

11/8/01

Experiment
i e

Douglas E. Fields - UNM/RBRC
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b Experiment
Integrated

_ Five layers of larocci

spectrometer tubes between steel

to measure a absorbers

wide range

of muon

energies Radial field

magnet

Three layers of
Cathode Strip

Chambers for
stations 1 & 2,
two layers for

station 3. B
11/8/01 Douglas E. Fields — UNM/RBRC
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* 3 tracking stations
— Cathode strip R/O
— 100Uum res./plane
— 60 Uum res./station

o Forward coverage
_ L.2<|y|<2.3
— <P <7

* Mass resolution
— AM(J/y )=105MeV

— AM(Y) =I180MeV

South Muon Arm

11/8/01 Douglas E. Fields — UNM/RBRC
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11/8/01

Douglas E. Fields - UNM/RBRC
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11/8/01

Douglas E.

Fields - UNM/RBRC

eriment



Triggering and Physics Integration

* Muon Identifier provides Level-1 trigger for
Muon Arms.

o Muon Tracking can be used in Level-2 trigger to
help suppress ghost hits in identifier and also
trigger on Mass.

o South Muon Arm is integrated into the DAQ
system and is within the data bandwidth
requirements for HI running, but may need
further trigger for high energy p+p running.

o Chamber resolution has been checked for real
data and data analysis is ongoing.

11/8/01 Douglas E. Fields - UNM/RBRC
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Measurement of the hadronic spin-
flip amplitude in proton-carbon

elastic scattering.
» p+C Coulomb-nuclear interference

Pros .y Cons

\  Inexpensive setup X Difficult Carbon recoil detection
N Solid target X Not absolute

\  High figure of merit

\  Little energy dependence

\  Polarization profile

o TUCF test of silicon detectors CE75
e AGS Prototype experiment E950

11/8/01 Douglas E. Fields — UNM/RBRC
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Theory
\p+C Coulomb Nuclear Interference (CNI)
| (also p+p CNI)

CNI is an interference effect between the purely
Coulombic spin-flip term and the hadronic non spin-
flip term in the scattering potential.

For the interference term to be important, the scattering
must take place “outside of the nucleus (r>>R), but well
within the screening radius of the atomic electrons

(r<<a,)”.

11/8/01 Douglas E. Fields - UNM/RBRC
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S
. this method is only good for a relative polarimeter (compare

' b
4
h h
‘\/:— FA (‘ZLILF;m(‘t/ ; [‘(1—_ "p)_ 2(1‘**r5 —5 R‘e VS )]— ZFA \1-/\R“e 57 Im )JL
mp /i— \zr' -5 r

=)
o
o
=
i »

is unknown, so assuming I'T has no energy dependence,

‘M-At‘ -n“ 2 ma drme 2 I A We SR : \ “t\ X7

njection and after acceleration nj. aOwW

ns at
25 - 250 GeV, Hadronic Ay is thought to be <10% of the
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11/8/01 Douglas E. Fields — UNM/RBRC
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TOF measurement

D

AGS E950 Experimental Setup

Micro ribbon Carbon target

N N
Y N
~ N

A Y

~
hY

CP
I
c
Silicon strip
detector

- Y

Energy measurement

11/8/01

' £
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) P
o
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\,
NN 4 '»
~ ~ v - 7 Cd
NN Raite
AN i
NN P
SN Rt
NN ve o,

Carbon foil | | |
0 13
«Carbon Ribbon Targets

«6m wide
«3.7ug/cm? thick

*3cm long

Douglas E. Fields —- UNM/RBRC
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11/8/01

Douglas E. Fields — UNM/RBRC
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11/8/01

Douglas . Fields — UNM/RBRC
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*Target out configuration still had
frame.

*Got sufficiently good t and E
resolution to identify Carbons

eDetected Carbons down to 250keV

TDC distribution

E950 On-line Analysis
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ADC distribution

11/8/01 Douglas E. Fields — UNM/RBRC
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Bunch width was ~25ns.
TDC start was beam RF.

eInherent 7.2ns width from
beam bunches.

Using Si - MCP gives
inherent Si time resolution
of 2.5ns .

TDC(Si-MCP) (ch)

ADC(ch)

11/8/01 Douglas E. Fields - UNM/RBRC
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E950 Results

Fits very well to theoretical o
curve with small - oats
contribution from hadron oa
spin-flip. .

*Nice physics measurement 4y o
of VERY small asymmetry. oote

*Proof of principle for
RHIC polarimeter.

11/8/01
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Summary

South Muon Arm is operational and taking
data this year.

North Muon Arm is being completed and
will be ready for installation in the
upcoming RHIC shutdown.

L'OKSS) sivrvcy v czznnnsockesl] a4 f ITrqs
1.47JU nwud U UuLlce bjul (] 4 lJ ll’iC .llll_lb
polarimeters and a paper is forthcoming.

e W+ %) 82 Vi

11/8/01 Dougias E. Fieids — UNM/RBRC



Alignment Calibration of the South Muon Tracker in
PHENIX

Hideyuki Kobayashi

191
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Alignment and Calibration of the
PHENIX Muon Tracker

RIKEN BNL Research Center
Hideyuki Kobayashi

RHIC at BNL
Contents

1. PHENIX Muon Tracker

2. Resolution Requirement

8
C

Geometry Alignment

Optical Alignment System R e e e
. Summary AutAu s =200 GeV

polarized p+p 5T 200, 500 GeV

N wn
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South Muon Arm
Up and running-

11/29-30/2001

1.2<y|<2.4

Muon Id.

<
North Muon Arm R ion 1,2,
Year 2002~  Hadron rejection (~10/7(-4))

Hideyuki Kobayashi X ——
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Physics with Muon Arms

® Physics Processes for QGP search and Spin Physics
m Vector meson production (J/y, Y, o, ...)
m Drell-Yan process (muon pairs)
m Open heavy flavor from gluon collision (muon tag)
m W production (single high-Pt muons)

o)
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S~
[ ]
<O
[en]

s daviiki : S R
Hideyuki Kobayashi
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nt: 5VV micron per €atllodce.

| Requirement: 100 micron per cathode.

Hideyuki Kobayashi

-

Resolution at J/¥Y mass o
{Requireme

.
11/29-30/2001
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Structure of a Station

Cross Section of Station 1
Cathode Strips

1 cm pitc 1om Momentum
Kick
=
| 6 cathode
planes
L) Anode
= N i
P Anode Wires
/ 1 cm pitch
N, >
Particle > S
L 2 N/

. J; \ ’ U
5 o '," 1
/L_ R athode plane

Anode plane
Internal alignment <25 mm P

11/29-30/2001 Hideyuki Kobayashi T R————



Cathode Strip Chamber

Cathode read out Requirement
Noise/Signal < 1%

Sense Wire Strlp S'Qnal

+ Field Wire e
‘ T | jﬂ
> A=) i
N =
Z & 5 mm
Cathode Plane \ RT”;?e :’ tch '_“4 o O " i;’.’i‘;,:;.m:ss
ead ou cm pItC Strip #
Ar:CO2:CF4 = 50:30:20 Average # of strips/track~2.4

11/29-30/2001 | Hideyuki Kobayashi
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Inter Station Alignment

[Relative station alignment requirement < 25 um}

® Initial alignment
m Au-Au collision field OFF straight tracks.
m Cosmic ray field OFF straight tracks.

Analysis 1s underway.

® Real time alignment
m Optical alignment system

11/29-30/2001 Hideyuki Kobayashi
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XY Intersection of Fitted Clusters Straight Track in a Station

300 Fitted Cluster
2001 Position
100i
| +— Gap 3
° <+ Gap 2
ta <« Gap 1l
-200 .
_300, # Intra station tracks are used
300 to find inter station tracks.
200

® Inter station alignment
calibration using Field OFF
data is underway. |

100
0
-100
-200
-300

11/29-30/2001 Hideyuki Kobayashi ”
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Optical Alignment System

7 set of straightness Monitor in One Octant

PHEMIX MuTr

Correct

B Thermal
expansion or
contraction.

# Any alignment
change by
magnetic field,
temperature
etc.

CCD Camera

s devuki ; A
11/29-30/2001 Hideyuki Kobayashi
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Alignment Monitoring

10 um L X Disirbulion ch 1 - i . o
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4385

TETTTT T ITT
l—L
o
o
=

430

ol ot e SUENI,, -l R

Spot size
d=400um

415

plels

J N [ S

oy | R L:;
Azimuthal-directior

T TITTT T ITaTTd

10

205 By priopompepempemegeengerefresporsgrenfeney b prengen] 40

1052 1052.1 10522 10523 1052.4 1052.5 1052.8
houf
[ ¥ Disiribufion ch 1 I
[ ird
365~
s

u 100 pm

h
38 & ¥ "
340' oh AR SR quug!ﬁjj¥”?mﬁan JKWIWﬂ? it O

# 2~10 um accuracy : S $
# 60 um Position change =E Radial difection

by field magnet 0SS N A NN N I N S T
ON/OFF detected. T T M day]

1

11/29-30/2001 Hideyuki Kobayashi _—-?
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Summary

® The PHENIX South Muon Tracker up and running.

® Resolution 1n a station (~ 300 um) measured, which is
good enough for J/'¥ detection for this year.

® Alignment requirement between stations (< 25 wm)
m |nitial alignment = Field off straight track analysis.
m Real time alignment = Optical Alignment System.

# Alignment change (~ 60 wm) due to magnetic field
ON/OFF observed.

11 A AN : I PRI VP MO IS L ]
11/29-30/2001 Hideyuki Kobayashi



The CC-J Computer Facility at RIKEN

Takashi Ichihara
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CCJ status

Computing Center in Japan for spin physics at RHIC

T. Ichihara, Y. Watanabe, S, Yokkaichi, O. Jinnouchi, N. Saito,
H. En’yo, M, Ishihara, Y.Gote™, S, Sawada®, H. Hamagaki®
RIKEN, RBRC® KEK®, CNS™

Presented on 29th November 2001 at RBRC Review at BNL

RIKEN CCJ : Overview -

+ Scope .
— Center for the analysis of RHIC 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
+ Size .

¢ Data amount: handing 225 TB /year

o Disk Storage : ~ 20 TB, Tape Library: ~500 TB

e CPU performance : 13 k SPECint95 (~300 Pentium 3/4 CPU)
+ Schedule - _ . '

* R&D for the CC-J started in April ‘98 at RERC in BNL

» Construction began in April ‘99 ‘over a three years period
e CCJ started operation in June 2000

e CCJ will reach full scale in 2002
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Concept of RIKEN cCJ System

........... PAYY -——— B L

N

Tape drive units
1o duplicate data

e G N R ee R ——

- _Sy‘fs'_tém;Requi_r'ement for CCJ.

+ Annual Data amo:uqtj . OCPU (SPECint95) :

« DST U0 TB T T+ Simulation 8200
- mioDST™ . 45TB " gim Reconst 1300
+_ SimulatedDats - 30 TB L
. Total . 25TB . Sim. ana. 170
' ) . . o - Theor, Mode - 800
's  Hierarchical Storage System Data Analysis 2000
.» Handle data amount of 225 TB/year ~ Total  .° 12470 SPECint95:

< Total VO bandwtdﬂ_z 112 MB/s (= 120K SPECint2000) -
« HPSS system S . o »

. +Data Accessibility (exchange 225 TB /year)

+ Disk storage systel_n C _ +Data Duplication Facility (tape cartridge) .
*+ 20TB capacity. - _ +Wide Area Network {TMnet/APAN/ESnet)

Al RAID system

+ 1O bandvwidth: 520 MBJs o '
Encw . s +Software Enviroment

"¢ AFS, Objectivity/DB, Batch Queuing System
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Requirements'as a Regional Computing Center

A Software Environment
«  Software environment of the CCJ needed be compatible to the PHENIX
software environment at the RHIC Comiputing Facility (RCF) at BNL

+ AFS (/afs/rhic) )
* Remole access over the network i3 very slow and unstable (AFS sever : BNL)
« daily mirsoring at CCJ and accessed via NFS from Linux farms

« Objectivity/DB
+ Remote access over the nietwork is very slow and unstable (AMS server BNL)
+ Local AMS server at CCJ (dily tpdate DB)

+ Batch Queuing System: Load Sharing Facility (LSF 4.1)

+ RedHat Linux 6.1 (Kernel 2.2.19 with nfsv3 enabled), gec-2.95.3 ete.

+ Veritas File System- (Joumalmg file system on Solaris): free from fsck for ~TB disk

A Data Accessibility
¢ Need to exchange data of 225 TB/year to BNL RCF
» Most part of the date exchange is carried out with SD3 tape cartridges
.« -Data duplicating Facility at both (30 MB/s performance by airbone)

« Some part of the data exchange is carried out over the Wide Area Network (WAN)
o CC-Jwill use Asia-Pacific Advanced Network (APAN) for US-Japan connection

+  htip://www.apan net/
«  APAN has currently ~100 Mbps bandwidth for Japan-US(STAR TAP) connef
* 3 MB/s transfer performance was obtained using bbitp protocol

‘Plan and current status of RIKEN CCJ

jooe  Jods  g00  Fper e g Tum | Dec. | Nov. | Dec
A Asdt Avtl AT ap Aot : 2000 | 2000 | 2001 § 2002
FBRC paE . ICPU famn (nomber) 9% | 160 | 224. | ~300
(BNL) E‘i‘:‘&!ﬁ'&?"ﬁ% N  |CPU faum (SPECin®5) | 2.600 | 5,200 | 9000 | 16,000
Ph 1 B . : i
AKEN O ik Pass2 ! [Tape Storage size(TB) o | 1o | 10 | 1400
Wako constition 1/8 sale m Phato3 T’P* |Disk Storage size{TB) 35 | 92 21 | ~30 .
| o ‘°“"’ e [Fepe Drive (uamhes) 1 3 31 10
u: )2
T s %7 - PSS Tape VO (MB/S) 5 G | 45 | 300
RH 2 -
2400 g i ma) [Work Disk. IO (ME/s) 3 | 125 | 500 | 200
IData Server unit (SUN) 2 3 5 7
HPSE 8ol lwase/ Hardware . B
mm BJ!:“) mgzgg@mmm . WSS Server unit 5 5 5 58
PHENIX Exp, of FI-D .. : -

¥
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Current :c_:'onﬁg‘uration of{CCJ |

565 Paccduns 11 {850 Mida)e
$6 Batuen 11 (1000 M2}

100 T8 S

Components of RIKEN CCJ

.pAD  (SUNE4S0) -RAID (SUNE450)
VL S :

_éPU Famnof 224 CPUs-
rkSwitch * |
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Upgrade plan in-the next year (2002)

A CPU farms (224 CPU -> ~300 CPU)
A Tape Library system
+ Current capacity 110 TB (Experimental data : 250 TB/year)
+ Add new tape Library (STK silo,-storing 5000 tapes)
+ Upgrade plan : tape drive :
« Current ; redwood 11.2 MB/s 50 GB/volume .
- 2002Q2:9940B - 30MB/s 200 GB/volume
« 250 TB/silo (redwood) -> 1000 TB/silo (9940B) 2
Total tape capacity ( 110 TB =>1400 TB[ 1.4 PB})
a LAN backbone (1 Gbps ->4-8 Ghps)
4 efc.

File Transfer over WAN

. R!KEN (Jmnet) - APAN (~100 Mbps) -startap- ESnet - BNL.
« Round Trip Time{RTT) for RIKEN-BNL :170 ms.
« RFC1323 (TCP Extensions for high performance, May 1992) descnbes the method of using
large TCP window-size (> 64 KB) -

+ FTP performance : 290 KB/s (64 KB windoweize), 640 KB/s(512KB window)
» karge TCP-window size is necessary to obtain high-transfer rale
BBFTP (htip://doc.in2p3.fr/bbftp/) -
« Software designed to quickly transfer files accross a wide area network.
« [t has been-written for the babar experiment in order to transfer big files
"« transferring data through several paraliel tep streams
« RIKEN-BNL bbftp Performance (10 tcp streams for each session)
_ « 1.5 MBJs (1-sessinon) 3 MB/s (3-sessions)
« APAN US-Japan link upgraded ! (120 Mbps to 1.2 Gbps Oct. 2002) .

PRI AT A R ) 101214:61820'
MRTG graph during bbftp transter between RIEKN and BNL
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Analysis for the f“ rst PHENIX expenment with CCJ

a Quark Matter 2001 conference (Jan 2001) _ .
¢ 29 papers using CCJ /total 33 PHENIX papers -

4 Simulation
"+ 100k event simulatlonlreconst (Hayashl)
+ DC Simulation’ (Jane)
* Muon Moc Data’ challenge (MDC) (Satohrro) 100k Au+Au (June 2001) -
a DST Production
+ 178 of Raw Data (Year—1) was transferred vla WAN from BNL to RIKEN
» PHENIX official DST (v03) producilon {Sawada) {Dec. 2000). :
- about: 40% of ‘DSTs -produced at CCJ and transferred- to BNL RCF
4 Detector calibration/simulation -
* TOF «(Kiyomochi,Chujo, Suzuki)
+ EMCal - (Torii,0yama, Matsumoto)
- RICH  -{Akiba,Shigald, Sakaguchl)
Physucs/sxmulatron
» Single electron spectrum ~ (Alnba, Hacmya)
* Hadron particle ratio/spectrum ( Ohnishi, Chujo)
+ Photon [ #% spectrum] (Oyama, Sakaguchi)

»

QM2001 papers-using.CCJ
21 papers using CCJ. /1otal- 33 PHENIX papers
A PiemlySostaon- . B
Bif Zale T Rogubs from PHENX
s N.Sawo + ' RHG Spin Progam
AgaanderMiyy . Etang chuged) 2t RHIC -
Gahor Devid Newtral Ploa Distibutons stRHIC
YamuyukAkbs - EisetonMetsurements RHIC
Axel Drees . o H{OWW—-MM_
s -Panilol Sexsion - ‘ ) : ST
Hideld Ramagak! "L ", Patick e PHENIX
¢ SsbasfanWhito L - Calorr Global Event Ch ization in PHENIX .
T dueVeiowa ., " Ptupecs of idsntied with the PHENIX RHIC
+ ' Federica Messes . Spactra and ang of high 2 ehawpsweshﬂemx
+ AexiDorisov . Cammon Evem G I the RHIC
.+ -RoyLacey " Btiptic Flow Maasusments with the PHENIX Delecor Systern
+  Swphondowncon . First Rasuits on Two-Pactce Cormelations Detamined by the PHENX s RHC
+  Hirould Chwishi . © Paticlesstiosin PHEMX stRHC )
a  -Posler Seasion - Lo ' o )
« tndraniOfa T } 6f evrtt gonemior jons for the chared partito
Asexander Bazilevsky ) ey with the PHENIX detector at RHIC -
Yojun Meo - T . ThePHENIX Muon Identiier Subsystem :
Yasuo Make T Patformencs of the Time-of-Flight Countorin PHERKX
Tekao Sakagushd . . Pearformanca of the PHENIX Ring Imaging Cherenkov Detector - -
Toru Sugkate Paiformanes of the Bean-Beam Coumer Ia PHENIX
Hiswyuk! Toill t1hw PHENX ER PHENX
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CCJ Operation.

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

CCJ Director (Chief Scientist of the Radiation Lab.)

H.En'yo
Planning snd Coordination Office
- maneger T. Ichihara {RIKEN deBRC)
hnicat Y. W, b (RIKEN and RBRC}
scientific programaming coordinatar X
: H.En'vo {RIKEN and RBRC, PHENIX-EC)
H. Hamageki  (CNS-U-Tokyo, PHENIX-EC)
PHENIX Liaison .N.Salto - (RIKEN and RBRC)
fent S.Yokkeichi  (RIKEN)
O.Jinnouchi  (RIKEN)
Y. Goto (RBRC) -

5. Sawada (KEK)

Technical angement Office .
M Data d: Y. W b (RIKEN and RBRC)
System engineer N, Otaki (IBM Japan)

Tape duplication operator {IBD)

Summary

- Construction of the CCJ started in-1999.

* The CCJ operation started in June 2000 at 1/3 SC:lle
* 43 user's account created. -

Recent Hardware/upgrade and software |mprovement
« 224 Linux CPU(S0k Specint2000), 21 TB disk, 160TB HPSS Tape library.
» Data Duplicating Facility at BNL RCF started operation in Dec 2000.

Upgrade plan-in the nextyear
* Tape robot(new silo}, tape drive, LAN, CPU farms WAN transfer

PHENIX Year -1 experiment : summer in 2000
» Analysis of the PHENIX first experiment with CCJ

» Official DST (v03) Praduction
+ Simulations, Detector calibration
» Physics analysis/simulation - .
« Quark Matter 2001 conference {Jan 2001) -
» 21 papers using CCJ /total 33 PHENIX paper

PHENIX Year 2 (2001) Run started in August 2001
+ DST production for year-2 run is now under preparation at BNL

Spin experiments at RHIC will start in December 2001.

planning to transter all the spin-exp. data to CCJ
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Classical Computation of Gluons in Heavy Ion
Collisions

Yasushi Nara
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Classical computation of gluons in heavy in collisions

Yasushi Nara with
Alex Krasnitz®, Raju Venugopalan®*

a UCEH, Universidade do Algarve,
b RIKEN-BNL Research Center,
¢ Physics Department,Brookhaven National Laboratory

e classical SU(3) Yang-Mills solution: A. Krasnitz, Y. Nara and R. Venugopalan, hep-
ph/0108092. Phys. Rev. Lett. 87 192302 (2001).

e Time evolutions of anisotropy and elliptic flow from CGC




0¢t

e S. Cheng, S. Pratt, P. Csizmadia, Y. Nara, D. Molnar, M. Gyulassy, S. E. Vance, and B.

Zhang, “The effect of finite-range interactions in classical transport theory,”
" nucl-th/0107001. submitted.

e Y. Nara, S. E. Vance and P. Csizmadia,

“A Study of Parton Energy Loss in Au-+Au Collisions at RHIC using Transport Theory,
nucl-th/0109018. submitted to Phys. Lett. B.

JAM Collaboration

e N. Otuka, P. K. Sahu, M. Isse, Y. Nara and A. Ohnishi,
“Re-hardening of hadron transverse mass spectra in relativistic heavy-ion collisions,”
nucl-th/0102051. submitted to Phys. Rev. Lett.

e Y. Hirata, A. Ohnishi , Y. Nara, T. Kido, T. Maruyama, N. Otuka, K. Niita, H. Takada,
S. Chiba " Sideward Peak of Intermediate Mass Fragments in High Energy Proton Induced
Reactions” nucl-th/0111019 submitted to Nucl. Phys. A.




Time evolution of energy density (10 events average)
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A4

Nucleus-Nucleus Collisions at collider energies

1. before collisions — color glass condensate

production of soft gluons and mini-jet gluons — classical Yang-Mills and pQCD
toward the thermalization — time evolution by Boltzmann equation
thermalized parton matter? — hydro

hadronization

expanding hadron gas — hadronic transport (RQMD,UrQMD,JAM...)

N o o & L b

. freeze out

Purpose: compute coherent gluon production from CGC
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yTe

Classical Effective field theory approach

Sources of soft gluons are valence quarks and hard gluons.

Pl = exp (- 515 [ dzmzw)

with A, = g°p, p?: the average squared color charge per unit area

The scale A; and the size of the nucleus R are the only physically relevant dimensional
parameters

real time lattice simulation of classical Yang-Mills eq.
the Kogut-Susskind Hamiltonian in 2-+1 dimensions coupled to an adjoint scalar field.
Initial color charge is sampled in the almond shape (open boundary condition).
pi(s) = 1 Ta(s + b/2),
where Ta(s) = [°°_dzp(r) is a thickness function.

Assume sphere nuclei with surface.
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Transverse momentum distribution of gluons

0-06?* ASR=83-7 o ggg

0.4 0.6 0.8 1

K JAg

«  SU3: A;R=25
» SuU2: A R=25
......... SU3: A R=83.7

— fit

(b)

.|
! Ll Lasea by 1 P s =

"6 8 10 12 14 16 18 20
KA

n(kr) = fu/(NZ 1)
The SU(3) gluon momentum distribution can be
fitted by the following function,

1 dN. 1
e}

- ~n k AS ?

(1)

where f,, (k7 /A,) is

aq [exp (N/kz +m2/Teﬁ‘) — 1] -

~ (kr/As < 3)

.

el A \L—4

u,zA 105\ T /113)I€E

| (kr/As > 3)

(2)
with a; = 0.0295, m = 0.067A,, Teg = 0.93A;,
and ao = 0.0343.
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classical + pQCD initial conditions

. PYTHIA p=2GeVi/c I
e PYTHIA p,=1.5GeV/c

JR=43
L PYTHIA:
WY leading order pQCD scattering
BNy initial, final state radiation
. Primordial k7

-2
10

10

b
°I
W
T TTITmE ¥ IIlIIITF_I_l"ITI'ITT
L
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[
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L)
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[ .d
(]

-4
10 N ENNNE IR AN AR NN AN N N
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Elliptic flow in the early stage of the collisions?

Elliptic flow parameter v is defined by the second Fourier coefficient:
2 2
Dy —DP
cos(2¢)) = Y
(cos(2¢) <ﬁ+@>
T 3
J7, dpcos(2¢) [ prdpr gta -5
™ __d3N )
f—n- do prde dyprdprd¢

V2

1. Hydrodynamics works well at RHIC.

2. Elliptic flow is expected to be generated at early times in heavy ion collisions. (It reflects
spatial anisotropy to momentum anisotropy due to interaction)

3. How much elliptic flow is produced before thermalization?

4. classical Yang-Mills field theory is proposed to describe early stage of nucleus-nucleus
collisions. ( talks by L. McLerran, K. ltakura, R. Venugopalan)

Purpose: compute elliptic flow of gluons from the CGC
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Time evolution of energy momentum tensor
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o Free streaming in the transverse plain at later times e = T, + T}y




Time evolution of anisotropy parameters

6¢¢

0.8
07k s b/2R=0.5 A ,R=37
T b/2R=0.78 A R=37

(M

spatial asymetry parameter

0.3 ! t é @ %
- ' 2
0.2_ v, 8 H o 5 g
0.1 Yo, : ¢ 4
0 o =
AN TS RPN RPN SR BN AP |
-0'10 5 10 15 20 25 30
TA,
0.08
0.07 T e 7A, < 2: rapid production
b/2R=0.5 A R=18.5 _
o 2 < 7A, < 10: relaxation,

spatiai asymmetry aimost constant

o
o i
3

2 O

D Q

o o
I]".'_.l'llll

(<Txx>-<Tyy>)/(<:Txx>+<Tw>) ’

i
o0 | ﬂ H{HHH e 10 < 7A, < 20: gradual increase
S |
0.02 byt H% 4 HH spatial asymmetry decrease
00:}' N %{][}‘{"{"}"]l:‘{“}"}"{"’"%H!?{]Hﬁ%ﬁl#ﬁ#H:HH)H ?{“H o A, > 20: free streaming in the transvers
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Centrality dependence of v,

< 10F
T oF x AR=74.2
=" = ] ASR=37
SE l . AR=185
TE [ e STAR charged
o 1.t
5~ ] :
= 2
3E . 1 il 5!
2E X ! g
15
0E l L | 1 l L | L ] ! | ! I 1 | é.'
o 01 02 03 04 05 06 07 08 09

e A,R smaller — vo larger, saturate at lage A, IR7.

e v3(RHIC) > vo(LHC), v2(small system) > vz (large system)




Summary and Outlook

e Nonperturbative gluon production from classical SU(3) Yang-Mills equation by using real
time lattice simulation.

o There is a overlapping region between classical calculation and pQCD (PYTHIA). Smooth
transition from soft gluon to minijet?

e The elliptic flow parameters from the CGC by 2-D real time lattice simulation.

e Large amount of vz is generated from classical field. i.e. well before thermalization of
gluons.

~ Qutlook
(9%

ot

Systematic study and extensions:
e Rapidity and centrality dependence of particle multiplicities.
e pr dependence of v and transverse collective flow from CGC.
e 3-D simulation.

e Subsequent time evolution of gluons using Boltzmann theory.




The Flow of Colored Glass in Heavy Ion Collisions

Raju Venugopalan
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J. SCHAFFNER - BIELVCH
D. Knarzéey
L. Mclergan

R. VenugoraLan

Scaling relations

Initial momentum distribution of produced

gluons (Color Glass Condensate):

1 dNg 1 1 p?
odnd?p, o (Q2)77 \ )"
f4: universal, dimensionless function for
produced gluons

a: transverse area of the two colliding nuclei

() : saturation scale for gluons,

depends on energy, centrality, and

atomic number

[Krasnitz and Venugopalan, PRL 86 (2001) 1717]
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Assumed dynamical picture:

— Initial gluon distribution characterized
by saturated gluons

— free streaming evolution producing
additional partons

-— freeze-out to hadrons

scaling properties of initial state are preserved:

universal function f, — f (hadrons)
saturation momentum ), — p; (hadrons)
Naoter ()0 2 pobut pohas same energy, centralin

(](‘1)('l|4|vlu‘t' as (_3,

Picture works for multiplicity and 7 distributions at RHIC
[Kharzeev, Nardi, PLB507, 121 (2001); Kharzeev, Levin,
nucl-th/0108006]

Ounestion: can we describe the p; spectra
(without hydrodynamical flow) in that

picture?
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Particle spectra at RHIC

check universality of scaling function f by
rescaling of dN/dy dp? and m,, so that
data of different centralities are on top of
each other:

P

4N — i hm‘~f(?yz>

dyd®m;  as(ps)

dN !
mdmdy

pécaﬁng

-

transverse mass m
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Scaling with centrélity

generalized m; scaling for all centralities?
check for 7~ and p:

o |
E .0—5% E
r 8 5-15%

10’ i A’!.. ® 15-30% ]
— ] A%t A 30-60% ;
S i % 60-92% :
SR ‘\% |
~ e ]
>
Z 107 | 8§ :
= ﬁx 8 5
o 10* | 14°8 ¢
> 4 ¢ 9 o]
T T andp ]

10° | 494,

. PHENIX COA

10‘4 ................... i ad

00 05 10 15 20 25 30 85
m, (GeV)

= 7 and p data form a continuous curve

for cach centrality bin
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Rescaled m; distributions

rescale different centrality bins as

1 dNy, 11 dn, my
o dyd®m; Ao dyd?m;

e Samaa e — :
10° | *® ,=

c nﬁ?ﬁ_ ®0-5% ]
10 F . 5-15%

1

- ; \ ¢ 15-30%
= Lol VIl A 30-60% ]
S 100 % 60-92% 1
B o | %o 3
N « o 5 E
= 107 2o,
© n and P * ?
107 F T 1

r PHENIX 3

10—4 hJ ....................................

00 05 10 15 20 25 3.0 35 4.0
m, (GeV)

== one umversal function f describing all

centrality bins!
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Scaling of the transverse momentum

parameters ps; normalized to most central bin:

Sof BHIIIL.I 3
=: P S
Sosf />\
o’ -7 13,112
/ s
§ 0.6 ',/ (C+Nmn)
(&)
3 ! N V6
0.4
E .
® -
(& 8
@ 02 o (dE /dn)/(dN,/dn)

0 " 1 A ) 1 i 2 1 " 1 "
0O 50 100 150 200 250 300 350 400

Npart
expect to scale like Q) ~ N;éft but

p2/p?, = c+d N3 = 0.614+0.39(Npary /347) 13

compatible with transverse energy pe’r charged particle
(PHENIX coll.,, PRL 87, 0523201 (2001))

constant c¢ stands for the finite trans§erse momenta for pp
collisions ({pt) ~ ps),

compatible with pot reported v AL and STAR
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Figure 1: Average squared topological chaige vs the proper time (in units of AJ!) for
A,L = 74.2 (diamonds), 148.4 (pluses), and 297 (squares). The latter two values of A,L
correspond to the RHIC (A, = 2 GeV) and LHC (A, = 4 GeV) regimes respectively.
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g
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o
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e
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>
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Figure 2: Probability distribution of v in the proper time interval 30 < A, < 65 for
A;L = 148.4. These corresponds to 3 fm < = < 6 fm for an estimated value A, = 2 GeV
for RHIC energies.
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Partons and QCD in High-Energy Hadronic Collisions

Werner Vogelsang
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Two topics

e Toward *“global analyses” of polarized
parton distribution functions

JP ey vasiTi B T e e e e e
WY N colinh ) with RS

RSCR NP R

e Soft-gluon resummation for electroweak
boson production

: N . § P - ’ . T S e mm - .
N "/\ N ST T T VA \ v . . e

247



I. "Global analysis”

Polarized pp collisions at RHIC :
much new information on nucleon spin structure

QCD factorization theorem
Reactions characterized by a hard scale
(Q, pr, mpuqQ, -..) can be described as

-

e partonic cross sections g, are perturbative,
and predicted by CD

e Ddfs are universal : the same in all reactions
e notion of “nucleon structure”
e allows tests of QCD

s enables us to look for “new things”
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To learn from data need to efficiently evaluate

dJ:Zfa®fb®d8ab
a,b

e a lesson from unpolarized case

e need “global analysis”

— input pdfs at scale pg in terms of ansatz
with free parameters

— evolve to scale u relevant to a data point
— compare to data and assign x2 value
— vary parameters and minimize y2

e requires typically 1000's of evaluations of
the cross section

e want o,; at next-to-leading order
— theoretical uncertainties decrease

— numerically involved and time-consuming

e very hard to reconcile

e need fast and practical way of using
nigher-order cross sections in giobal fits

parton distribution functions

3
2

)

'

,!C
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“Mellin technique”

Moments of a function f(x) :

™ = /Ol do 271 f(x)

General cross section for producing final state
H with observed variable O

dO’H 1 1 1
—_—— = E / dT / dxg / deb / dz.
do exp-—bin J gpmin Jzpn Zmin

a,b,c

X fa(xaa,U'F> fb(xl”/’l'F) Df(zc,,u,%u)

=C
dcrab

X
d0dT

(maPAabeBa PH/zC>T: KR, LF, :U’/F) )

Express pdfs by their Mellin inverses :

1

fa(CUa,MF> = 2—m c dn xa,—n a,n(MF)

1

— dm ;™ ™
2 e, b Tb (nr)

[

fo(zp, up)
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Find :

dO'H 1 n m
T = EEl [Ln [ am 520 5 Gue)

1 1 1
X / dT/ dma/ dmb/ dze z7"z;™ D (2e, i)
exp—bin Zmin zy" Zmin
~C
dot,

X
dOdT

= Z/dn / dm f(ur) " (ur) Gop(n,m, O, pr, ur)
ab 7O Cr

(waPAy beB > PH/zCa Ta KR, LF, .u’%')

o 5.y(n,m,0,up, up) is cross section for
“dummy” pdfs z;™ x ;™

e contains all tedious integrations

e Ccan be pre-calculated on a suitable
grid in n,m

e for optimal contours,
exponential decrease of (,)
x, ",z along contours —

e pdfs fall off at least as
fast as 1/|n|*, 1/|m|*

Finallv, n, m integrations are all that's leff |
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Example : Prompt v at RHIC

dAG? ! !
s E / dn / dma / dmb A]Ca(xaa ,U'F) Afb(wln ,U'F)
de n—bin Zmin zn

a,b

dAG)
X U“b(waPA, v Pp , pT, M, LR, LF)
dprdn
high pr
§

Toy analysis :

e NLO, scales up = up = pp

e ‘‘ficticious” “-:.7_ data points at
pr = 12.5,17.5,22.5,27.5,32.5 GeV
calc. with == - @ random Gaussian 1o shift

e fit to DIS and prompt photon “data”
ansatz for gluon density :

Ag(z,pg) = Nz* (1 — 2)P (1 4+ ~vz) g(=, po)

e large number of fits to obtain “error band”
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Accuracy of method :

Py [GeV]

(Stratmann. v/
1.1 ] I
- ' :
- 49 T 48 p——— -
5
= . : ! —
O-‘ - 1 -
= 1.05 _ 4- J-
=
5 - R _ I —
S I 1 ] :
2 - © ® 1 o \ o _
\ o A | ) -
&-D\ ] i -
Q - | —
(&8 i :: A 56X56 gnd T 1
i - O 48x48 grid L :
L o - I —
09 | I ) 1 1 1
15 30 " ” - .

Evaluation of cross section extremely fast :

e generation of grids in 7. m takes ~ 5 hrs.

e after that :

1000 evaluations of cr. sec.
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In ~ 10 sec.
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(a)
Y R L J
A.LL 1 L. . $
Ag'(uy) = 0.8 (DIS only) . -«
0.1 N
0
1 J L —t l L 1 i (] ] 1t 1 [} l 1 [ 1 ] I ] 1 i 1
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pr [GeV]
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> i prompt-y data _ ]
& 200 GeV
o 0
<]
~
/-;,}) i |
a4
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< -1 -
=TH}
" ]
Ag'(1y) = -0.8 (DIS only)
5 ’ NLO |
ceer T Me =10 GeV.
¢ '1 ) .l L T ) 1 1 3 1 t 1
0.05 0.1 0.5

X

(further constraints by data at v/S = 500 GeV)
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I1. Soft—gluoh resummation for
electroweak boson production

q

- ==~ % Z, W% (inv. mass Q)

q
large QCD corrections if

e z=0Q?/5 ~ 1 : all gluon radiation soft
: d& (k) [ In2k=101 -
Ok inpPT: & ; (1= z)

oz N G s

can be resummed to all orders : =.:--

O(at) in PT :

e

e g7 of boson measured, and ¢% < Q2

~
~
~
~

> gr # 0

d (F) L [N Q2 /62
> 5 "~ Qs P
dQ qu dT +

resummeation :
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§ N ol v ONA S .
Laenen, Sterman, Wy o

logarithms at threshold and at gr = 0 can be
resummed simultaneously

® exponentiate in transform space

o “jointly” resummed partonic cross section :

d& res
dQ)? dq%

exp{ch/ng—Tas(kT) {Jo (bk7) K9.<2]\C;kT> +in (NgT” }

X

o — threshold resummation for N > bQ |

o — g resummation for bQ > N

e integration over running coupling :

guide to form of non-perturbative corrections

exponent at low-kp :

2
N (bZ _ ___>/ dkg kp as(kg) In <N£T>
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Hadronic Probes of Quark Gluon Plasma

Sangyong Jeon
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Hadronic Signals of QGP

e Signals from fluctuations
+ High-energy and/or big system study
* Low-energy and/or small system study

e Pseudo-scalar and tensor channel study of

initial state and the in-plasma gluons.

Sangyong Jeon  McGill Univ. & RBRC
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Fluctuations In Small Systems

o Small systems: Micro-Canonical instead

of Grand-Canonical

o Master Equation:

dr
1 1
Fuli solution
— Ny/N,qu= 0.01 — —~ Secon order solution
= NyNyy=01 | o8 L —-— First order solution
=== Ny/N,;=0.2 ) e Fyll solUtion : £ 0.001

F,(t

o Information on initial population

» Possible information about the freeze-out

time
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Balance Function and Fluctuations

S. Jeon, Scott Pratt (Michigan State U):
hep-ph /0110043

e Charge Fluctuation per final state
charged degree of freedom

(AQ?)
<N ch>
Small if QGP forms: Fractional charges

D/4 =

and gluon entropy

e Balance Function:

* Roughly: Conditional probability to
find a charge-conjugate partner

* Measures correlation between charge

conjugate states
x Correlation length is small if QGP

forms

e Relation between the two?
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* Precise definition:

ooy = }(DoAANDotay
D__(AlY) D, (A]Y)
T T (N_) )
*x Relation:

AQQ B Y
Ny =l —/O dA B, _(A]Y)

A model Calculation of the Balance Function
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n" as a Probe of Gluonic Structures

e Motivation:

e Atwood and Soni’s ggn’ coupling vertex
[PLB 405, 150, '97]

V8™ = B 2P0 epap 0 & ()2 (),
with HO — H(0,0, M’I?/) ~ 1.8 GeV_l

e Hadronization Matrix Element:

1
ngg—m’lz — EZH(? M:;l'

e Use this to probe Gluon properties of
QGP and heavy nuclei
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1’ in Nucleus-Nucleus Collision

o

o

o

®

®

Motivation: Gluon dominated relativistic

heavy ion collision

Tool: Boltzmann equation

P e (fua~ Fi)

dt Trel VP

Time evolution of f, from Thaq — Trer tO
Thad (Trel: the mean-free-time of 1’ inside

hot gluons)
2 — 3 times more ' at RHIC and LHC

due to the hot initial temperature

Initial condition dependence of pr

spectrum:

266



dN/dyd’p (Arbitrary unit)
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n' in proton-Nucleus Collisions

e Motivation: Can access very small z at
moderate () ¢

e Tool: Factorized Cross-section formula

doPA—n'X n HE
2P, dx;  64zg

r1GP (21, Q?E)szA(xm Q?c; P;)

T~ Mg,/sxg and xo ~ Mre Y/\/s

¢ Direct measurement of zG*(z, Q?, P;) as

long as zy, is within the known region.
Q? =~ 1GeV? =~ M,,?,

¢ Orders of magnitude smaller z than
previously probed at this @) (Fermilab
r ~ 1079)
2.2 x107° < z_ < 0.005 (RHIC)
32x108 <z_ <1.7x107* (LHC)
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Outlook

e Fluctuation study on-going — Data soon

available
e 7' in-medium properties

e Other hadronic probe of gluonic system
* Glueballs
*x Tensor Mesons

x Chemical properties of hadronic
system coming out of gluon dominated

system
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Dense and Baryon Rich QCD

Misha Stephanov
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Hot and Dense QCD:
Pion Propagation Near Chiral Phase
Transition

M.A. Stephanov
(collaboration with D.T. Son)
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e Soft pion dispersion relation can be deter-
mined from static quantities only (= can be mea-
sured on Euclidean lattice):

(analogy: spin waves in antiferromagnets)
w? = u?(p? + m?) — dispersion relation (|p| € ms,).
u — ‘velocity” of pions; m — screening mass.

— from static (zero- frequency) correlator of

= ihy T

_iqx (T (2)7*(0)) il
/dT dV e @ <¢¢> f2 2

f — T-dependent static pion “decay constant”.

u — from the ratio of 2 static quantities:

U = where

a

/dT dV (A&(z)A4(0)) = 5abX15 , Af= @'707522——¢ :

X5 — axial isospin susceptibility.

valid for “all’ T < T, (at T =0: f2=Xy5 = f2).
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e Derivation using effective Lagrangian method
Microscopic (QCD) Lagrangian:

Lquark = iE'YMDMb - (ELM"#R + h.c.) + /«LI5A87
M = diag(my, mq) is the quark mass matrix; pujyg is
chem. potential of the axial isospin charge Ag.

Eff. (pion) Lagrangian, the most general allowed by
symmetries, to lowest order in momenta:

— ft2 i fs2 <— 1 fm2 -
Loff = TTrVOZVOZ — p Tro;>2=0;2-" + —Q—RQTFME_ ,

from which we derive w? = u?(p? + m?) with

2 2
2= f% and m?= mqu .
ft fs
The (T-dependent) coefficients f;, fs and fm, Can be

found in terms of microscopic correlators by matching
derivatives w.r.t. M and pujsg.

U

prs = time component of a vector potential for axial
isospin — local SU(2)4 symmetry —

(
Vo = 0o — —2—/_LI5(T3Z + ZTg) .

Thus, matching 2nd derivative:

2P .,
— = = ft .
Outs

XI5

Derivatives w.r.t. M give: fm2= —() and f, = f.

Thus: | w2 = f2/X5|and f2m? = —mg(¢ep) (GOR).

275



e Critical behavior

What happens with v and m when T — 1,7
Theory of static critical phenomena can be used.
Near T¢, but not too close to T;,: M<K mes KL T.

In the range of momenta m < |q| € m, we have

_ Dab)2
[arav e mi(z) w(0)) = 6 Wf? =
For momenta such that m, < |q| K< T
[drav e xGp@) B ~ =
|q|*="

In this regime correlators of o = ¥ and n% = iy >1T%)
are degenerate, since they are related by the SU(2)a
symmetry, which is restored at 7.. Matching at the
scale |g| ~ my:

2= A m;"(gy)*.

n =~ 0.03 — O(4) universality class in d = 3.

Using mo, ~t¥ and () ~ P, where t = (T, — T) /Tc:
F2 ~ 26770 — (@2 — v

v~ 0.73 and 8~ 0.38, d = 3.

Xysg is finite at T' = T¢. Thus,
w?=——n~ fP~tY —0atT,

XI5
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o Critical behavior (contd.)

m2 — _mq<a’¢> N

since B < v — the static screening pion mass grows (at
fixed my #0) as T — T..

The pole mass of the pion, myp, scales differently:

Il
Q
3
I

|
3
R

2
my,

= the pole mass of the pion drops asT — T..

S om (chiral lim.)

e Potentially observable consequences

<& In statistical models

Amy, = mp — my & me((mg/Nqcp)t/? — 1) = —0.3m,
translates into exp(—Amy/Ten) = 1.3 enhancement of
pion abundance.

& u < 1 = Cherenkov radiation of pions by a hard probe.
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Gluons Out of Equilibrium

Dietrich Bodeker
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182

Strongly coupled gluons out of equilibrium

Dietrich Bodeker, RBRC and BNL

Small coupling, g < 1 and large fields,

1
A, ~ -0
p g“

— non-linearities in Yang-Mills equations become essential, strong coupling

examples:
. D - .
e magnetic scale gluons (k ~ ¢~1") close to thermal equilibrium

o small-x gluons “colored glass condensate”
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Non-perturbative calculations for many body systems out of equilibrium, that is, in
real time?

quantum field theory: no
classical field theory: yes
classical field theory applies when occupation numbers of (bosonic) fields are large

strongly coupled gluons have occupation number

1
n(k) ~ 7 > 1

typically quantum modes (rmodes with small occupation nuumber) can not be neglected

idea: try to find effective classical theory by integrating out quantum degrees of
freedom |

general problem: classical thermal field theory has UVv d|vergences
non-local for real time
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Dynamics of magnetic scale gluons

unequal time correlation functions

determined by Langevin equation

3 __
W(Cl-{—V-D)V'DXB-—I—(C—I—U-D)W:V'E—I—f,
D

W (x,v) adjoint rep phase space density matrix of plasma particles, C linear collision

operator, £ Gaussian white noise

@ no propagating gauge field waves — solves problem of non-local UV divergences
e generalizes the leading log effective theory

DxB=0cE+(

to leading order in g and all orders in [10g(1/g)]h1
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leading log equation

for gluon fields only
UV finite
single length scale R ~ (¢?T)~ !
single time scale 7 ~ [g*log(1/¢)T] !

leading order equation
for gluon fields and particle phase space density
UV divergences

one length scale R ~ (¢°T)~! (two if one counts logs)

two time scales 7 ~ (g*T") 71, 7 ~ (g?T) !
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issues to be addressed for leading order equation

relation to thermodynamics of soft gluons
expansion in [log(1/¢)] "
role of “fast” modes with 7 ~ (¢?T)~!

renormalization
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Relation to thermodynamics

Langevin equations generate probability distribution for field configurations P(¢,t)

leading log Langevin equation:

| i .
P(A,t) — exp [—ﬂ : H = %/d3xB2

.

for ¢t -» oo < 3-dimensional chromodynamics, obtained through dimensional
reduction and by integrating out Ag

Fokker-Planck equation for P(A, W, ) =
W H 1 3 2 2 | 172
P(A,W,t) = exp 7 H———§ d°x< B —I—mD/W

W Gaussian free field for thermodynamics = same gauge field thermodynamics as
from eq. (3) |

W has non-trivial effect on dynamics
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Perturbation theory

e UV behavior: renormalizability, continuum limit?

expansion in [10g(1/g)]_1: systematic improvement of leading log Langevin equation

classical field theory can be written as path integral
-~ “quantum field theory” |, Feynman rules (not Lorentz invariant)

(1A, Whhoise = [ AN [dNe 5014, 7]

5= /{__m_m[32<cl+v.D>V.D><B+<c+v.p>w_v.EH

mp

gauge fixing: flow gauge

/“{,/1(‘) =V - A



One loop self-energies

high frequency (w ~ ¢g*T') modes do not decouple

AN

)\A()Z

determine color conductivity at next to leading order in [log(l/g)‘]_1

N
[
(=]

result is gauge fixing independent and agrees with Arnold, Yaffe



68¢

Renormalizability

large momentum behavior of propagators

1
<AtrAtr> ~ 7{;5

but

(WW) ~ (W Ag) ~ (ApAg) ~

x| =

n-point functions for A have bad UV behavior

'oA 1
41.
~ /dka

1
4

however, contribution to gauge field dynamics suppressed by powers of g
non-physical, higher loops will contribute at the same order



Gluon Saturation from Small-x Evolution Equation

Kazunori Itakura
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Crluon Saturation.
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Color Glass Condensats —Jutitivetarian. Lussdos
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Soluing the Evolution Egudtion
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Summw»j=

e Color Glass Condensdte s the €ffective
fﬁeor)/ of Saturdred gyluan: “at swall x .

* Smal-x GVQlaﬁ’e'n fguaﬁ‘m -fbr the uwiy/t‘f’

functlen Welp] s solved by MTA and RPA.

- MFA works well at high tomentum reglen
and repteducts DLA and MQ eprations

o RPA works well at lew wwnentun reqloum

and (cads T 3(’4(@/7 Saturatror
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Renormalization Group Improvement of the Time
Dependent Ginzburg-Landau Equation at Finite
Temperature

Yukio Nemoto
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Renormalization Group
Improvement

of the Time Dependent
Ginzburg-Landau Equation
at Finite Temperature

Yukio Nemoto(RBRC)
Teiji Kunihiro (YITP,Kyoto)
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Time-Dependent Ginzburg-Landau (TDGL)
ed.

Spatial variation of an order parameter of
phase transition.
—> QL equation

1
——(V? —2ieA)A +aA + A% =0 (1)
m

An extention to the description of space-
time development
—> T DGL equation.

dA d2A

NM—+tY2 55 = ——LVzA-I—aA-I-ﬁA?’ (2)
dt dt? 2m

Various application of the TDGL eq.
Dynamical critical phenomena

e.d., (for the chiral phase transition)
(O Disoriented Chiral Condensate

(O Relativistic Heavy-Ion Collision

(O Color Superconductivity
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Microscopic derivation of the TDGL ed.

BCS = GL eq.
Gor’kov 1959
BCS = TDGL eq.
Abrahams, Tsuneto 1966
two limited cases (T'=0,T = T¢)
(Otherwise landau damping terms di-
verge.)

Chiral effective theory (NJL model) has
the same problem.
NJL — TDGL

Eguchi, Sugawara 1974 (for T = 0)

Our purpose

We employ the RG equation to the Lan-
dau damping which causes divergence. —-
coarse graining of time scale.

We use the 2-flavor NJL model.
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2-flavor NJL model
L = q@idq + g[(@q)? + (@vs79)?]  (3)
The Green function satisfies the equation
(iPe — M (tz; to))S(z,2') = 65(x — z')  (4)

timt

Ret

to—iB

(closed time path)
Self-consistency condition
M (t; to) = 2giTx[S(z,xT)] (5)

We neglect the fluctuation of pions, for
simplicity. |

tg: initial time (assumes local equilibrium)
In relative and center-of-mass coordinates,

S(t =ty —ty, T = (tz + ty)/2)

t : microscopic variable,
T : macroscopic variable
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The lowest order solution (=Hartree)
S(t,t1) = So(t,t), M(t;te) = M(T) (6)
The next order
S(t,tT) = So(t,tT)
+ [.dt' [ dPySo(t,t')(M(t") — M(T))
x So(t,tT) (7)
M(t") is expanded around t(=T)

2

_.|_. o

| (8)

Each derivative-term is not periodic in the

imaginary time direction. (T.S.Evans 1998)
— One cannot perform the naive Fourier

transformtion.

= We compute the time-integral directly.

dM 1 d
M@ = M)+t —t)——4+— (' —t)?
(t") (t)+( )dt +2( ) 212
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At the order O (d—M->

M(t5t0) = 89N | 5 Q)
1 B2 — M(T)? |, ieoiom e 2
—i s I {-—e (t=%)B £ (E)

+e—2i(t—to)E(1 _ f(E))z
+M(T)?B(B — 2i(t — o)) F(E)(1 — F(E))}
dl\gt(t)}, E = [k® + M(T)? (9)
Note 1: We neglect the variation of the
temperature.
Note 2: The Landau dampmg term is di-
vergent if one performs F.T. in time. This
means tg — —oo.
Note 3: The Landau damping term is fi-
nite, but appears as a secular term in our
case.
This is similar to the situation of kmetlc
equations. (Boyanovsky et.al.)
Note 4: The second-derivative term has
the same structure.
The initial time ¢y is important!

X
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Treatments of the secular terms
= Renormalization group approach

to is considered as the macroscopic vari-
able, tg ~ T.

dM (t;tg)
dtg to=T

This means that we extract the slow (macro-
scopic) motion. Note C‘é + d‘fr.
The result is

dM d3k 5 o dM

aT —2gN [ (27‘_)3M(T) B f(E)(l—f(E))'zlt—
10

The t-derivative is written as (10)

dM d*k 1 (E? — M(t)?

dt I—SNC/(zw)si{ g (T 20(E)

+M@)BF(E)(1— F(E)H (11)
and finally replaces t — T'.
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Comments

O It is straightforward to extend this result
to systems at finite density.

O At T = T,, the TDGL eq. is diffusion-
like in superconductor, while it is wave-like
in the NJL model.

Summary

We have derived the TDGL eq. from the
NJL model at finite temperature. The im-
portant is to set up the (finite) initial time
to- The Landau damping terms are then
divergence-less and appear as the secular
terms. The secular terms are removed by
extracting the slow motion of time, whose
idea is based on the renormalization group
method. (e.d., Ei, Fujii and Kunihiro(2000))
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Future works

(O Generalization (pion, vector, axialvector
fields)

(O Derivation: BCS — TDGL eq.

O Applications to various phenomena (DCC

etc.)
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Domain Walls in High-Density QCD and in Atomic
Bose-Einstein Condensates

Dam Thanh Son
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CONFINEMENT AND TDOMAIN WALLS
IN HIGH DENSITY QUARK MATTER

D.T. Son

D.Rischke, BTS, M. Stephanov PRL 87 (2001) 06200
DTS, M. Srephanoy , A, Zhitnitsky PRL 86 (200]) 3955
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ngmd’ries at h%h, densities : depends on N‘F
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DECON FINEMENT 2

-1

Naively: distance between quamks o~ /f' &L Agen

quorks  become. free ot Lu‘?h densities

BUT:  unbroken 8UC2) must be confining .
How ?

look ot a test charge in plasma
v

Novmal Plasma‘.

—(
@ mp

-

tegt olwwae, attvacts orposh‘e{g CA@Vgeo/ perticlesg

tn p/a_5’mQ_

= Deb ye SCYee—MnOQ

My ~  GM*
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DOMAIN  WALLS

Recall . W choV SLQD&VCOV‘MVL? breaks U[‘)A
Spontaneously

let P be e UDp phase of H#he condensate
= |2\ ef

then f Uda was an exact ngme#y,

Ly = £ [¥P - Gio))
_,L_ =;:1‘?
gn*

UCI)A Suscepﬁbilﬂa

BUT . (D, is explu‘c.;ﬂa violated by
- qwk massces

- a,nOmaJBI ¢nstantons

E)LPlcu‘-{' violahon o;f V(DA bewmes wealer af
‘\iaker o(emsh‘%

( cnstamtons bewme more dilute D

321



| = ‘fz [(GO‘PSL - 1(9.:“5’)2] ~ V()
~ $rom instantons, 7uark masses
Paw)oda.‘c.
Vi) = = a.)l,t&z' cos P a->0
PIRENN

N T — ———————r
ihstawtons Guovk masses

G ~ O((f\;cp>29/3) +O(Mi>
e

TL/\«)S (S SChe—GoV‘dDh —Hleo)fw.
)

which possesses domain woll  Solihen

,‘!k{) mz2/w
bas V——" ?=) = 4 arcten e
/// .
o 75 mz= InVa A mass of pseudescalar
smalei
Netes: D Needs -~ m £ 2A

Jor effechve -H/Leora o be e#ew.‘ve

2D  Ground states on 9 sides of domain wall
are Ldewhcal

=> hon-topological doman wall

(simelar- +o N=! axion demadn wa//s)
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Chiral Properties of Domain Wall Fermions with
Improved Gauge Actions

Kostas Orginos
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RIKEN Review November 29-30 2001

Chiral properties of
Domain Wall Fermions
with Improved Gauge actions

K. Orginos

RBC group

e INntroduction and Motivation.
e Chiral properties of DWF.

e Gauge Actions.

- Tests and Comparisons.

e Conclusions.
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Introduction - Motivation

Domain Wall Fermion Chiral Ward Identity:

[Furman & Shamir Nucl.Phys. B439 (1995)]

Ap(AL(@)O()) = 2mp(J5(z)O0(y))
+ 2(J8,(2)0()) + i(6°0(y)).
A% (z) : Axial Current

J¢(z) : Pseudo-scalar density

ng(a:) : Anomalous Pseudo-scalar density

im (J8,(2)0(y)) = 0

L3—>OO

e L — oo : Exact chiral symmetry
e Finite Ls: Exponentiaily suppressed breaking

Measure of Chiral Symmetry Breaking:

(J2,(0)JE(®))
(TE)TED) |ss

Assume at low energy Jg ~ mresJg

Myres —
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0.020 | ] I I 1 1 I I 1 I 1 { ] I I 1 I i I

Wilson (RBC) .

0.015 Iwasaki (CP—PACS) —

0.010

m,../Vo

0.005

0.000

e Exponential suppression is small.
at a7 ! = 2GeV myes ~ qu
Wilson gauge g ~ .97
Iwasaki gauge g ~ .74
® Mmres Varies with the Gauae Action.
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Objective

Minimize Chiral Symmetry breaking in the space
of Gauge Actions. ‘

Actions Tested:

- Wilson: S, = %Re‘l‘r<1— D>

- One loop Symanzik:

S, = gRe Tr {co <1— I:I> + 2¢ <1— I::I> T %CQ <1_ >}

¢; computed by 1-loop tadpole improved perturbation theory.
[Lischer & Weisz Phys.Lett. B158 (1985)]

[Al1ford et.al. Phys.Lett. B361 (1995)]

- Iwasaki:

| S, = —gReTr [(1 — 8c1) <1— I:I> +2a <1_ I::I>]

With ¢; = —0.331 computed by perturbative RG blocking.
[Iwasaki (1983)]

- DBW?2: Same as Iwasaki but ¢; = —1.4067 computed
non-pertrubatively by RG blocking.

@]
N
| S— |

[Takaishi Phys.Rev. DE& (129§
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The DBW?2 action

Doubly Blocked Wilson 2 [takaishi Phys.Rev. D54 (1996) ]
e Start form Wilson 8= 6.3 on a 323 x 64 lattice
e Doubly Block by a factor 2 (Swendsen’s Blocking)

e Solve the Schwinger-Dyson equations to find the
effective action.

e Truncate to the two coupling space:

*—0—o0

Sg = [311§ReTr <1— I:I> -+ B]_Q%Re"l'r <1-—

1)

DBW?2 definition:

P12 _ 41148

B11
QCD-TARO [suci.pays. 2577 (20000] Studied the RG flow
on the 2D plane of couplings and showed that

DBW?2 is approximately RG invariant.
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T he transfer matrix

Chiral Symmetry breaking is controlled by the nearly
unit eigenvalues of the Transfer Matrix 7 in the

5th dimension. [Borigi hep-1at/9912040]
1+ H
-1 _ + Hi
1 — Hy
with
1 .
Hy = : V5Pw(—Ms)
2 +$w(_M5)

o Myln) =0 = y5Pu(~Ms)|n) =0 = T|n) = 1

e v5PDw(—Ms) has a lot of nearly zero eigenvalues.

[veuberger, Narayanan| [Edwards, Heller, Narayanan]

- [Hernandez et.al. muci.Pnys. B552 (1999) ; hep-1at/0007015]

e [ heir frequency decreases rapidly as the contin-
uum limit is approached.

e Proposals of improvement: “Just remove them'

[See above citations]‘ ‘
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Improved Chirality <= Suppressed H; Zero modes

We would like to:

e See the signal of H; Zero modes

e Chirality Breaking per configuration:

J2(0)JE&(t)

B = Zayae

e See how much we can change the number of
Zero modes by changing the gauge action,
and hence improve Chiral Symmetry
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Simulations

We measured the light hadron spectrum; the resid-
ual mass, and the ratio R(t) (defined in the previous page)
on 163 x 32 lattices.

e a1 ~2GeVv (from the p mass)
Matches the Wilson 8 = 6.0

e Bare quark masses 0.02 0.04 and 0.06
e Varied Mg in the range 1.4 - 2.0
e Varied Ls; ( 8 12 16 )

e Gauge actions:
1-loop Symanzik (50 configs)
Iwasaki (50 configs one L,)
DBW2 (90 configs)

We also have data for DBW2 at a=! ~ 1.3GeV
163 x 32 (. Aoki's talk for the spectrum results).
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R(t) spikes indicate the localization

of the Zero Modes.
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The Zero Mode

100 1 1 I 1 1 I i I i I i 1
T :
|-—'|I EO
5 107°Fe
[} —
& = %
] = 9
= © =
Tw —4 E e@@ E
JOE Yy o
> - -
+ = —3
5 10k -
8 - -
1078 L+ i
0 60
S
7 L5
VW(s) = W(s)—= 5 W (0) +
_ 1+
+ U(Ls—1-s) 275W(L8 ~1)
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Spectral flow

0.5

0.0 Tk

—0.5

Spectral flow of 5P, (—Ms)
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05— DBW2 o ——+

-] -] 00000040
Jnnnooooo og

< 0.0 ngggggggoooggge
Q o ©

oo

—0.5 — —

This is the single spike DBW2 has.
(one out of 90 configurations).

[T . Izubuchi talk]
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Observations

Summary of “Zero Mode” observations:

e T hey are localized
e They enhance Chirality breaking

e Significantly fewer for Iwasaki and DBW?2

Expectation:

e DBW2 improves Chiral Symmetry
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X Wilson
¢ Symanzik

O Iwasaki
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[ Psileggg 2
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Bare quark mass is 0.020
LS =16
Ms = 1.8 (for DBW2 Ms = 1.7)
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Mres VS mq

0.0004 —

0.0003

& 0.0002

M, 8

0.0001

0.0000 | | | I | | 1 1
0.00 0.02 0.04 0.06
2 OX10—5_ l 1 { | I I o I 1 —l-—
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i ; ) m :
1.5x107° |— T T —
l ] { | ] l 1. 1 | I I;
0.00 0.02 0.04 0.06
mqa
s — 16

Ms = 1.8 (fOl’ DBW?2 Mg = 1.7)
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Mres VS Lg

n T T l ] T | — [ T —
107% = \’\ =
S 103l \\ —
S : 3
g - ]
10"5 1 1 l \ ! t L I 1 i

DBW?2 action (mes(s) ~¢° with g~ .6).
Iwasaki action
Symanzik action.
Wilson action
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Hadron Masses vs L

0.7 [ , 1 t 1 1 1 | l P T 1 l— l-‘ [} l
N ¢ ¢ $
0.6 — —
05— —
o B ' = -
= = IO ®- ® D _
04— —
0.3 — —
[ T - ® D _
_l 1 l 1 | - | I I ] 1 1} 1 I | | 11 I ! | 1 | ' ]

0.2
8 10 12 14 16

L

S

Action: DBW?2 Mg = 1.7, bare mg = 0.020

Masses for L; = 12 and Ls = 16 are identical.
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Vector meson scaling

2.0
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1.6

Myr,
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s DBW2/DWF (RBC)

B Sym_1loop/Stag. Asq_tad (MILC)
X tad. clover wilson (UKQCD)
+ Sym_1loop/clover wilson (SCRI)

llllllllllllllllllllllll

o
o

o Wils{on/ DWF (R}BC)l

0.2
(a/ry)*

Non Domain Wall data published in

0.4

o
o

[MILC Phys.Rev. D61 (2000)]
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Nucleon scaling
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Non Domain Wall data published in

[MILC Phys.Rev. D61 (2000)]

[v. hoki talk]
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What about Topology?

It is believed that:

[Neuberger, Narayanan] [Edwards, Heller, Narayanan]
e Zero Modes <— Topology change
DBW?2 suppresses the number of Zero Modes.
e Does topology change?

I 5 a2 a4

C > 0 — Stable instantons (lwasaki/DBW2)

C < 0 — Unstable instantons (wilson/Symanzik)

[Itoh, Iwasaki, Yoshié]
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Topological Charge history

6 | L L L L UL L
l {
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Topology tunnels slowly with DBW?2.

Topological charge measured using APE smearing and measuring fFF

~ [DeGrand, Hasenfratz, Kovacs Nucl.Phys. B520 (1998)]
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Conclusions

The RG improved gauge actions significantly
improve Chiral Symmetry for Domain Wall
Fermions |

The DBW2 gauge action results in a resid-
ual mass about a factor of 10 smaller than
the Iwasaki at 2GeV. (L; = 16, mres ~ 30KeV)
At 1.3GeV myres is about a factor of 2 smaller
than the Wilson action at 2GeV!

The good scaling of DWF with Wilson ac-
tion is preserved with DBW2 [v. aoki taix]

The hadron masses seem to reach their asymp-
totic values at Lg = 16.

T he improvement of Chiral symmetry comes
from the suppression of 5Py (—Msg) zero
modes. As a result topology fluctuations
are significantly reduced

The DBW?2 action should be equally effec-
tive in improving the Overlap Fermion con-
vergence.
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Hadron Spectrum for Quenched Domain-Wall Fermions
With an Improved Gauge Action

Yasumichi Aoki
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Hadron spectrum for quenched
domain-wall fermions with an

improved gauge action

Yasumichi Aoki for RBC collaboration

@ RIKEN BNL Research Center

RBRC scietific review commitee meeting
Nov. 29, 2001
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Introduction

e Why Domain Wall Fermion 7

e Good chiral and flavor symmetry
e and Good scaling

e Applications

e By, €' /e, proton structure functions
e Proton decay matrix element (very small mixing).

(¢¥*CPrq)Prq + (g*CPLq)Prq, (¢¥ Cvuvsq) Pryug

e Good chiral symmetry for the fine lattice,
(CP-PACS, RBQO).

e Wilson gauge action : good for a‘122 GeV.
e Iwasaki gauge action : very good for a=1>2 GeV.

e Not sufficiently good for coarse lattices.

e Difficult to take continuum limit for demanding
calculations, like € /e.

e Better chirality can we have with further im-
provement of gauge action 7

o Yes! DBW2 gauge action provides better chi-
ral symmetry than Iwasaki gauge action.

e Important to check

» Chiral property at a1 ~ 1.3 GeV.
» Scaling of spectrum (a1 ~ 1.3, 2 GeV).
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Gauge action

Sg = 2 X Ty + aXTrlUng}, 3=7
plaquette 2 X 1lrectangle

co+8c1 =1
c1 = 0 — Wilson action
c1 = —0.331 — Iwasaki action

c1 = —1.4069 — DBW?2 action of QCD-TARO
T. Takaishi, Phys. Rev. D54 (1996) 1050;

P. de Forcrand et al, Nuc. Phys. B 577 (2000) 263.

Heavy quark potential: |
8 =0.87, (a1 ~1.3 GeV) B =1.04, (a=! ~ 2GeV)

beta=0.87, 16°x32 beta=1.04, 16°x32
T T T 0.2 i T T T T

|
|
|

V(na

r/a ~U' r/a
e Scale determined from gluon dynamics.

e Sommer parameter ro : F(rg)ro? = 1.65; F: force.
e String tension.
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Residual chiral symmetry breaking

a~l~13 GeVv

DBW?2, B=0.87, 16°x32xL,

107 |
L —
L=
«
3
£
0 - - L=12
/ i
1.5 1.6 1.7 1.8 ‘ 1.9 2 2.1
M

Comparison for same size of fifth dimension LS_ = 16

o mIEW2(gq71 ~ 1.3GeV) ~ 1MeV < m,?‘g;lson(a-l ~ 2GeV)

il X 15
mBBW2(g~1 ~ 2GeV) ~ 0.03MeV ~ i’wasa’“(a'1 ~ 2GeV).

Myes — 10 Myes

[—~talk by K. Orginos]

354



Residual chiral symmetry breaking

ALAS () = 2my P (z) + 2Jg,(x). “conserved current”
(non local)

The Ward-Takahashi idenfity:
D (APY) = 2my (PRPY) + 2 (JE,P") +i (8°P)

Residual quark mass (t > a):

o (Je, (£)PP(0))
T (Pe(t)P(0))

Y

'rn;?r X My¢ + Mres, Mires —> O (Ls — 00).
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Pion mass

Pion correlator suffers from topological near zero
modes in DWF. (PP) correlator and (AgAg) correla-
tor have different type of pole from zero modes all
of which vanish in the limit V — .

(PP)

1
‘m

3 |""‘3M||—t

(AoAp)
[RBC, hep-lat/0007038]

B=1.04, (a7l ~2 GeV), 163 x 32x 16, M = 1.7.

DBW2, p=1.04, 16°x32x16, M=1.7.

0.08 -

0 001 002 003 004 005
ma

e Values from two methods are consistent, but try-
ing to deviate each other toward the chiral limit.

e linear extrapolation overshoots My = —Mpres.
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B=0.87, (a1~ 13 GeV), 163 x32x 16, M = 1.8.

04 0.05r

03

02

0.1+

O PP correlator |
a AA correlator

0 002 004 006 008 0.1
ma

e No difference seen in 0.02 < mysa < 0.09.

e Slight deviation at mysa = 0.01.

e Linear extrapolation overshoots My = —Mpres.

e x°/dof = 3.4/3, for PP correlator.
e x?/dof = 0.03/3, for AA correlator.

e With constraint: my vanishes at myfg = —Myres.

e m2 = A(ms ~+ mres)(1 — Sln(ms + Mires))
— § = 0.03(2), x?/dof = 0.5/3 for AA.

o m2 = A(ms+ Mres) (1 —6ln(mys+mies)) + B(my 4+ mres)?
— 6 = 0.09(5), x2/dof = 0.04/3 for AA.

e Consistent with quenched chiral log.
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Pseudoscalar decay constant

] |
%ﬁzﬁfw = (Ao(t)Ap(0))

Z 4 can be calculated by the ratio of conserved cur-
- rent and local current correlator:

Ot + 1/2) = (Ag(£)P(0)),

L(t) = (Ao(8)P(0)),

__1[e@+1/2)+0C@E-1/2) n 2C(t+1/2)
473 2L(¢) L+ LE+1)]

B=0.87, (a1 ~1.3 GeV)

DBW2, B=0.87, 16°x32x16, M=1.8
0-82 T 1 T

o full
o 1st term only

0.81

e Mild Ilinear depen-
dence on m; (1-2% in
entire region).

e Define Z4 at the chiral
limit.

0.78

0.77

0 0.02 0.04 0.06 - 0.08

ma
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8=0.87, (a1 ~ 1.3 GeV)

0.13 -

oz | e Both correlators give
. the consistent results.
“‘30.11 o

\
0.1 - O AA correlator .
. o PP correlator | Good chiral property.
0.09 6 0.62 0.64 0.06 0.08

Another method: using
Do Ap(t) = '2mfP(t) + 2J54(t) = 2(mys + myres) P(2),
which holds in low energy matrix amplitude,
2 m.3
_(mf + Mres )2 8

e~ = (P(t)P(0))
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scaling plot of decay constant for DWF

ws K

= 0§ 3§ B

<140 - i .
(0] ==
= ] § ]
% 1306 1T } .
uw i e 1/DBW2 |
120 | ] = K/DBW2 .
| - o w/Wilson

110 I- experiment o K/Wilson -
0 002 004 006 08 01 012 014
(a/ry)

e Good scaling for both f; and fx.
e fr is consistent with experiment.

e fx is small, expected from quenched chiral perturbation
theory [Bernard, Golterman, Phys. Rev. D (1992) 853].
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RhO meson mass

8 =0.87, (a1~ 1.3 GeV)
DBW2, B=0.87, 16°x32x16, M=1.8
0-85 T v T T T T

08 | .

0.75 4

0.65 -

-

06 p
L
0.55 !

0 0.02 0.04 0.06 0.08 0.1
ma

Nucleon mass

B8=0.87, (a7t ~ 1.3 GeV)
13 ' DBW?2, B=0.87, 16°32x16, M=1.8

12 ¢

1.1 r

0.9 |

08

0.7 b 1 1 1
0 0.02 0.04 0.06 0.08 0.1

ma

B =1.04, (a~! ~ 2GeV)

DBW2, p=1.04, 16°x32x16, M=1.7

05 | -
@ 045+ -
Q.
£

04 r .

0 0.01 0.02 0.03 0.04 0.05
ma
—_ —1
8=1.04, (a1 ~ 2GeV)
DBW2, B=1.04, 16°x32x16, M=1.7

0.75 - : : ; . .

o7l ]

0.65 + .
[0
z 06} _
E

0.55 + .

05 | -

0.45 '

0 0.01 0.02 0.03 0.04 0.05
ma
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Scaling properties

Rho meson mass:

2.3 T T N T T T T T N T T T N
Ec=-2.1 -
I e DBW2 1
2r o Wilson .
1.9

0 002 004 006 9.08 T 01 012 o014
(a/ry)

DBW2 : This work
Wilson : RBC, hep-lat/0007038

Nucleon/rho mass ratio and K*/rho mass ratio:

1.5 ¥ T o T ¥ T T ] T T '. T *
| experiment ]
14 F E :
13 ¢ % E |
€ !
122 N ]
* K* = N/DBW2 .
11 K2 I o N/Wilson
' e K/DBW2
0 002 004 006 9.68 01 012 014
(a/ry)
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Summary

Quenched DWF simulation with DBW2 gauge
action.

e Chiral properties for a~l~1.3 GeV.

o mPEW2(q=1 ~ 1.3GeV) >~ 1MeV < mllison(g=1 ~ 2GeV).

Tres

e Pion mass behaves consistent with quenched chiral log,
with constraint such that it vanishes at my = —myes.

e Pseudoscalar decay constant obtained from different
correlator at a—1 ~ 1.3 shows consistent results.

e Scaling properties.

e Rho meson mass gives consistent scale with that from
ro calculated only by gluon dynamics.

e Good scaling observed for Nucleon and K* mass.

e Pseudoscalar decay constant shows good scaling.

e Ready to be used for applications.
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Localization of Chirality for Domain Wall Fermion
Eigenvectors

Chris Dawson
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Localisation of |
Chirality for Domain

Wall Fermion
Eigenvectors.

Chris Dawson, RIKEN-BNL Research Center

[RBC Collaboration]

T. Blum®, N. Christ?, C. Cristian®, C. Dawson?, X. Liao?,
G. Liu®, R. Mawhinney®, L. Wu®, Y. Zhestkov®

?RIKEN-BNL Research Center, Brookhaven National Laboratory, Upton, NY 11973
5Physics Department, Columbia University, New York, NY 10027

®Physics Department, Brookhaven National Laboratory, Upton, NY 11973
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Continuum QCD

® Eigenvalues and Eigenvectors of the Dirac operator, D .
® Eigenvalue spectrum split into two classes

— Zero-modes; DWWy = 0

* Also eigenvector of 75

[757 D] \IIO =0
YW = £V
% Chirality =1

— Paired modes; D\Ifﬂ)\ = :l:i/\\Ifii/\

* 75 maps between paired modes

’Y5‘I’i7;,\ = ‘IJ;M

* Chirality Zero

¢T75¢ =0
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Structure of Paired Modes

® How is the global chirality of paired modes zero?

— Lumps of well defined chirality that cancel

* e.g. Instanton Liquid Model

— Chirality locally zero/small.

* e.g. Witten [Nucl. Phys. B149 285 (1979)]

® Can be addressed by studying eigenvectors on the Lattice.
® First studied by Horvath et. al. [hep-lat/0102003]

— Chirality found to be locally small

® Our study [hep-lat/0105006]using:

— Weaker coupling (closer to continuum).

— Domain Wall Fermion Dirac operator (improved chirality).

® Several other groups: [hep-l1at/0103002],[hep-lat/0105004],[hep-
lat/0105001]and [hep-lat/0107016]
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Domain Wall QCD

® Chirality a problem for lattice actions

® Domain Wall Fermions are a solution.

— [Kaplan, Shamir, Neuberger]

® Add a fifth dimension, § , of length Ls .

— Localise left- and right-handed components at either end

of 5th dimension
— Couple ends with a mass term mf .

— Chirally symmetric when Ly — 00 .

® Degree of chiral symmetry breaking depends on

— Gauge Field
— LS

® Found to work well in practice for LS ~ 10 with quenched
gauge fields. [RBC, CP-PACS]
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Our Study

® Solve for lowest 18 eigenvalues and eigenvectors of 51) DWF

Dirac operator
- LS p— 16

— Two gauge actions: Wilson and Iwasaki

Iwasaki Gauge Action | 55 configurations
ms = 0.0005
Wilson Gauge Action | 32 configurations

mfZO

— Quenched approximation.
— 16 volume with ¢~ ~ 2GeV

® DWF has better chirality for Iwasaki action [hep-lat/0007014].

~— provides good check on answer
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5d to 4d

® From 5D eigenvector \115 , construct 4D vector

s<Lg/2

Vg rerr(2,y,2,t) = Y Usy(z,y,2,t, 5)
s=0

s<Lgs

Vagricur(2Z,Y,2,t) = > Usi(z,9, 2,1, 8)
s=Lg/2
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Eigenvalue Spectrum

200 1 I 1 ] ' I i I

150 —

100 y

50— —

0 1= ?'?l"‘”f;’ l LU

55 s 252 s
log, ,( Eigenvalue )

® Eigenvalues span large range ; Histogram

10%10(1/\“

® Clear signal for zero-mode vs paired modes.
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Global Chirality

400 1 1 I ]
300 |- -
200 -
100 — | —
-1 0.5 0 0.5
Chirality
‘I’jld%%d

® Histogram chirality of each eigenvector.

® Again clear signal for zero-mode vs paired modes.
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Y5 Plots

G5(i,) = Ui 175 Vad,

Non-zero if:

® 7 = j and Wyq; is a zero-mode.

7 75 ] and \If4d7z' and \I/4d7j are paired.

e Simple and “complex” configurations
® Iwasaki ensemble approximately 1 : 10

® Wilson ensemble much worse.
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Y5 Plots

[ G5(ij) for Iwasaki configuration.7..____|

l G5(i,j) for Iwasaki configuration 2 I
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Topological Charge Definition

® Gauge Field definition

1

Q= 3272

EszlTr [E]Fkl}

® Calculate this on the lattice by the method DeGrand et. al

® May also calculate the Topological Charge from the number

of positive and negative chirality zero-rnodes.

® Provides a good consistency check.
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Topological Charge

Q from gauge field

_6 ] | | I 1 l ] ' 1 l I I |
-6 -4 -2 0 2 4 6 8

Q from eigenvectors

® Good agreement between gauge field and fermionic definition

of Topological Charge.
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Localisation of Chirality

® |ocal norm

Qp(z) = Uly(z)Vaa(z)

® |ocal chirality , L(x).

Xg(z) = ‘Did(x>’>’5‘1’4d(ﬁ)
L(z) = Xg(z)/n(x)

® Only want to look at important points

QH > 'Qmin

® Histogram L(x) .
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Localisation of Chirality : Iwasaki

1.5e+05 T T T T

L(x)

® () .. = 8.107° allowing 6% of total norm .

® (). .. = 3.107° allowing 29% of total norm .

® | ocalisation of chirality favoured.
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Localisation of Chirality: Wilson

1.5e+05 T I T ] T

® Results independent of gauge action.
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Spatial Distribution

® Hard to visualise 4D data.

® May look a 2.) section

N(z,y) ZZ\IIM\IJM (2,9, 2, t)

M

® Look at left- and right-handed norms separately

— L.ocalisation of chirality visible.

382



Spatial Distribution of a Zero-mode

Figure 1: Lefi-handed component of the local norm summed over z and t© for a zero-mode

Figure 2: Right-handed component of tae local normn summed over z and © for a zero-mode
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Spatial Distribution of Paired mode

T & paired mode

O

ke

summed over z and t

Y

Cai norm

the lo

~
&
'

Q.

-
13

-handed componen

ure 3: Left

o
g

1

13

L mode

forap

ét

tbe local norm summed over z an

Sy
L

mMponent GI

Right-handed co

Figure 4
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CP Violation in K Decay from Lattice QCD
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QOutline

|. Introduction
II. Results: Physical Amplitudes and the C P violation parameter ¢

[Il. Summary and Outlook

T. Blum CP Violation in K Decay from Lattice QCD
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|. Introduction

C'P violation in K — 77 decays

The long-lived and short-lived neutral kaons are almost CP

eigenstates, but contain small mixtures of each other

lKS> _ Kfeven> _{_elKodd>
lKL> _ Kodd>—|—EI] even>

l}{even,odd> _ K’O> = I—R’O\/

Indirect C'P violation occurs when K oscillates into the K ©Ve"

state and decays to the (C'P-even state |7r7)|

Loosely speaking,

the probability for this is parameterized by the observable [€]..

Direct C'P violation occurs when the K1 decays to |77) directly

from the K°% component. Loosely speaking, the probability for this

Is parameterized by the observable |€'].

T. Blum
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Long theoretical effort driven by experimental observation

e Summary of C'P violation found in Nature

— Indirect: €

1. Christensen, Cronin, Fitch, Turlay (BNL 1964)
2.271(17) x 1073

— Direct: €'/e
1. KTEV (FNAL 2001) 20.7+2.8 x 1074
2. NA48 (CERN 2001) 15.3£2.6 x 1074

— B factories measure sin (23)
1. BaBar (SLAC 2001) 0.59 + 0.14
2. Belle (KEK 2001) 0.99 +0.14 £ 0.06

e AJ = 1/2 rule for kaon decays: AR (1=2))

L.;,, o : - : A o~ ..‘ -
LNE0TY — CXDEriment e Consiiain

in
(D

i
R

T. Blum CP Violation in K Decay from Lattice QCD
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Convenient to use QCD eigenstates K'Y and K" and define the
isospin decay amplitudes
A (KO — 7r7r([)> — Are’
A (FO o ’/T7T([)) = — A%l

where [ =0, 2
which vyields

!

iet(%2790) Re A, [ImAz lon]

€ = —
v2 ReAy |Reds ReA,
and
ReAO
Al =1/2 rule) —
( / ) = Rro 1
T. Blum CP Violation in K Decay from Lattice QCD
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The AS = 1 Effective Hamiltonian
The Standard Model Hamiltonian: a short distance expansion in
terms of effective local four-quark operators Q;(u) (c.f. Fermi

interaction) with Wilson coefficients z(y) and y;(u).

Na Gr . [ ViaVy? |
3 (AS=1) _ -—\/—gmd%s {Z [Zi(/vo — thﬂ;* yi(u)} Qz-(m}
1=1 ua ¥ ys

Both depend on an arbitrary factorization scale p. Effective
Hamiltonian is independent of this scale. Take u low enough that
non-perturbavtive calculations are practical (1/a < My ), but high

enough that continuum perturbation theory remains valid.

Key to the OPE is that the full amplitude is divided into low
energy (hadronic matrix elements of @);) and high energy (Wilson

coefficients) parts that can be computed separately.
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l1l. Lattice Calculation of
Hadronic Matrix Elements (7wm|Q;|K)

There are three key features of our calculation

e Chiral perturbation theory to obtain K — 77

from K — 7 and K — 0
e Non-perturbative renormalization (NPR) of operators

e Domain Wall Fermions (chiral symmetry)

T. Blum 393 CP Violation in K Decay from Lattice QCD



Chiral Perturbation theory

Bernard, et al.

Significant technical difficulties associated with |77}, so use lowest order chiral pertur-

bation theory to relate physical K — w7 amplitudes to unphysical K — 7 and K — 0 ones

calculated on the lattice.

0/0®|K°) =

<7T+l@(8’1)|K+>
(’/T+|@(27’1)IK+>

(x99 K)

(mr 7~ |06 KO
<7T+7T— I@(Z?,l) lKO)
(rm |©&)| KO0

mas 1S a common unphysical meson mass

162v (8,1
7 (s = my)ay™
4m3, 3,1 8,1
f2M (ong’ ) ag ))
_ dm, NeIaY
£2
| }_3@(8,&
4 5
_ F (m%_o . m:_) ags,l)

(m%fo = m;) o271

(my = mg = my), m), are unphysical quark

masses, and f is the decay constant f = f. = fx to lowest order.

Significant approximation, but can be improved by one-loop plus O(p*) tree-level cal-

culations.

Also cemplicated by use of the quenched approximation.

T. Blum
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Operator renormalization factors, Z;;

e Bare lattice operators are divergent as a — 0 so must be renor-

malized at some scale p (. dependence cancels with 1 depen-

dence of C in H(25=1) which is RG invariant).
e Non-perturbative renormalization (Rome-Southampton)

e Regularization independent (RI) scheme (c.f. MOM-scheme)

(g(p) 0" q(p)) = (a(p) Z O q(p)) = {(q(p) O q(p))ree

Green's functions calculated in a fixed gauge with off-shell quarks

with large Euclidean momenta (u? = p?).

e No need for difficult perturbative lattice calculations. Can match,

using continuum perturbation theory, to other schemes like A/ S.

e H(=>=1 case is complicated since operators mix with each other

and also lower-dimensional ones that are power divergent:

O (p) = > Zijlap) | OF(a) + 3 cjlap)Bila) | + Ola’)
J k

T. Blum CP Violation in K Decay from Lattice QCD
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Details of the Simulation

Wilson gauge action, quenched 6/¢° = 6.0 — 1/a = 1.922 GeV,
400 configurations

Lattice size 16° X 32 — (1.6fm)® x 3.2fm

Domain wall fermions with Ms = 1.8, L, = 16, and quark masses

m¢ = 0.01, 0.02, 0.03, 0.04, 0.05| (in units of lattice spacing). msg);ige

corresponds toms~ .02. ' m:=0.1,02 03,04

D R R T O
R -

LT VI e bld s 0T

Simulations done on the QCDSP supercomputers at Columbia Uni-

versity and RIKEN BNL Research Center. Matrix element calcula-

tion took roughly 4 months x 0.8 TFlops (peak).
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(m1Qu ) o (O R ) (i = 1,2,9,10)
Higher order effects are large. Fit is forced to vanish at ms =
—Myes = —-00124. Quenched log is small. Conventional log is large

and mimics linear term. Known coefficients calculated in QxPT.

0.003 i I i T l T T I
0.0025 — : —
— fit
Rt quadratic term -
A 0002} ---- quenche.d chlralilog term ]
Vi conventional chiral log term
§_ i —— linear term .
2 00015 -
\_/@.-:- L i
T
V. 0.001— —
0.0005 — —
O t
0.06
My
27,1),3/2 2 ) —6
P = L slope = (—4.13 4 0.18) x 107°
and gives the lowest order contribution to Re A,
T. Blum CP Violation in K Decay from Lattice QCD
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Electroweak penguin.:'ﬁﬂQgﬁ)[K +) (importahtto e’i)

Lowest order contribution is a constant, higher order correction
to this constant appears small. Extrapolate to mf = —Mypes =
—.00124. Quenched log is unknown (ignore). Coefficient of con-

ventional log is also unknown, but fit to it.

-0.01 .
-0.015 —
+A L |
=2
sz 002 _
@
-i'g . B
Vv
0.025 —
: — linear
_ ---- chiral log i
P S I U ER AU RN R R |
0 001 002 003 004 005 006

m,

aé3/2) = {; x intercept = (—4.96 4 0.27) x 107°
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QCD Penguin (7| Qg el KT and 2m s 16 {1+ |5djae| KF)

Divergent subtraction is almost complete. Physical slope is

roughly 50 x smaller than the unsubtracted one

04+ ; —
i |L] Ktom =)
03 ; 8 total _
i Sub
i i & i
0.2 — i |
; =l
0.1 ! = —
R T S s .
I I i I I I | | I i |
-0.01 0 0.01 0.02 0.03 0.04 0.05 0.06
T
Data are highly correlated!
T. Blum CP Violation in K Decay from Lattice QCD
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Subtracted QCD Penguin (7| Qg 1at/ K ) (important to €

Does not vanish as m; — —mMm.s because valence quark loop is
sensitive to high energy chiral symmetry breaking effects (mixing
between domain walls). Effect is an additive shift in the quark mass,

which is eliminated by taking the slope.
as = L x slope = (—8.12+ 0.98) x 1075
6 = i X slope = (—8.12+£0.98) x 1

0.006 | ‘ I T 1 T T
0.004

0.002

—-0.002

+ +
<n |Q(), lzutIK >

-0.004

-0.006

—-0.008
0 0.01 0.02 0.03 0.04 0.05 0.06
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T0Y

V. Physical Amplitudes

<7r7r(1)|

(1

(l

(1/2)
J.lat

(32
/lit

(1/2)

Jlat

(
(

- _ /3 A
— iH A= KO = —Z'J:G]v"/:ud Vis Z Z J) A+ Tyi(p)] Z,L-'\j!PR
4 1=1 j= 1,]754
2 2\ . —4 97 : -
M0 — Mot) @ 1—2—7L (mg)| =0, §=1,2,3,5,6

s [, 93

a® [1—=84L(mg)] T=0, j=1,8
«® [1—-23L(mg)] I=2 j=1738
Tree level One-Loop, logs only



Real part of Ag

Study “fictional” world with masses m%o, mfr+ — & x(m%o, mfrJr)
“Tree-Level” = Lowest order chiral perturbation theory

“One-Loop” = Tree-Level -+ full QCD chiral logs (K — 77)

4e-07 1 . —

I Exp. value A |
— 3e-07F -
> _ _
&) One-loop
= 2e-07+ ad -
< I - |
)
o7l Tree level _

O I ] 1 | ] | ] | ! | !
0 02 04 06 038 1
(1 =2.13 GeV)
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Real part of As

2e-08 l
o~ 156-—08 — Exp. value A —
=
O
< 1e-08- One—Loop |
<
~
>e-097 Tree-Level
O ! l ! } | I ; | 1 I
O 02 04 06 08 1
S
(e = 2.13 GeV)
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30
. One-Loop
< B |
0 25 /‘
Q{‘ 4
\CD Exp. value &K
< o
o 20r
- Tree-Level

. | | l | | I | ! |
1502 04 06 08 1

AT = 1/2 Rule

(1 = 2.13 GeV)

S

TTTTTT
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Imaginary part of A

Im A, x10"'(GeV)

(k= 2.13 GeV)

T. Blum 405 CP Violation in K Decay from Lattice QCD



Imaginary part of Ay

Or— — T l -
> -0.5F -
O Lowest order
o | _

S + -
: T

:s\l " ®
E Lor One-loop _

i) S S S N R

0 02 04 06 08 1

S
(n=2.13 GeV)
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Individual Contributions to ImAg 9

26'11"IIII!I[I""“IIII

le-11

(GeV)

- -le-111

ImA

2e-11F

-3e-11f

! | | ! | ] | | | ) | . | ) ; f
345678910 78910
operator

4e-11

p = 2.13 GeV, One-loop xPT logs (£ = 1)

T. Blum CP Violation in K Decay from Lattice QCD
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Residual Scale Dependence in Imag. Amplitudes

1 _[_ ] i { |
S -15F —
(05 ,
—_‘v I~ C) - B -
2 a2F T -
% ®
> - - O .
< 0
0 25 - -
3 SN N R SR S R

|
[
I
—
—]
HEHT
|

g 1
S 125 @ -
22 L % -
N =
< - .
o1)]
g -1.75 —]
) | i | l ! | | | I
1 1.5 2 2.5 3 3.5
n (GeV)
T. Blum CP Violation in K Decay from Lattice QCD
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€ /e

E_,_ W lmA2 ImAO
e \V2¢ o \ReA2  ReAq

, . 4
). (PP )* 10
1
)
S

()

NG exp
I
-

(
€]
o
-

| 1

! I I I N I | !
0O 02 04 06 08 1

-80

S

(1 =2.13 GeV)
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Isospin Breakdown: Fy and- P

p = 2.13 GeV, One-loop xPT logs (£ =1)
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Individual Contributions to € /¢

0.002 1
0.001F =2 -
OF Zpe
-0.001F 1=0
003 5678910
operator

p = 2.13 GeV, One-loop xPT logs (£ = 1)

T. Blum 411 CP Violation in K Decay from Lattice QCD



Final Results

This calculation

Quantity Experiment (statistical errors only)
Re Ap(GeV)| 3.33 x107" 2.96(17) x107"

Re Ay(GeV)| 1.50 x107° 1.172(53)x 1078

w 22.2 25.3(18)

Re (¢'/e) |15.3(26)x107* (NA48)| —4.0(23) x107*

20.7(28)x107* (KTev)

(= 2.13 GeV, One-loop chiral logs)

T. Blum
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Dense and Baryon Rich QCD

Misha Stephanov
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Hot and Dense QCD:
Pion Propagation Near Chiral Phase
Transition

M.A. Stephanov
(collaboration with D.T. Son)
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e Soft pion dispersion relation can be deter-
mined from static quantities only (= can be mea-
sured on Euclidean lattice):

(analogy: spin waves in antiferromagnets)
w? = u?(p? + m?) — dispersion relation (|p| € ms).
u — ‘velocity” of pions; m — screening mass.

— from static (zero- frequency) correlator of

= ihy> T

_igx{m(z)7°(0)) 1 &%
/deVe a Tor - PE R

f — T-dependent static pion “decay constant”.

u — from the ratio of 2 static quantities:

U= —, where

_ —a
[arav s abon = 57xy5,  a5= v S,

X5 — axial isospin susceptibility.

valid for “all’ T< T,, (at T =0: f?= Xrg = 2.
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e Derivation using effective Lagrangian method
Microscopic (QCD) Lagrangian:
Lauark = Wpy*Dyp — (b Mypr +h.c.) + prg A3,

M = diag(mu, mq) is the quark mass matrix; puyg is
chem. potential of the axial isospin charge AZ.

Eff. (pion) Lagrangian, the most general allowed by
symmetries, to lowest order in momenta:

. ft2 ; f32 - ; fm2
ﬁeﬂ—' = TTrVOZVOZ — —Z—Trﬁiaﬁiz + ——2—ReTI’MZ ,

from which we derive w? = u?(p? + m?) with

2 2
2 = —J—c% and m?®= mqu :

ft fs
The (T-dependent) coefficients f:, fs and fn, can be

found in terms of microscopic correlators by matching
derivatives w.r.t. M and pujg.

U

prs = time component of a vector potential for axial
isospin — local SU(2)4 symmetry —

i
Vo2 = 002 — 5/,&]5(7'32 + 3 73).

Thus, matching 2nd derivative:

0%P .5
= 5 = ft .
Outs

XI5

Derivatives w.r.t. M give: fn2= —{) and f;= f.

Thus: | u? = /X5 |and  f?m? = —my(Yy) (GOR).
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e Critical behavior

What happens with v and m when T' — 1.7
Theory of static critical phenomena can be used.
Near T,, but not too close to 7.: M <Km K T.

In the range of momenta m < |q| < ms, we have

, Pp)?2 1
dr dV e 9% (7%(z) «°(0)) = §9 W) —.
2@
For momenta such that m, < |q| < T

/ dr dV e™ 9% (e () P3p(0)) ~ | q|12_,7 :

In this regime correlators of o = ¥ and 7% = ipy>7T%p
are degenerate, since they are related by the SU(2)4
symmetry, which is restored at 7.. Matching at the
scale |q| ~ my:

2= A mZ" ()2,

n =~ 0.03 — O(4) universality class in d = 3.

Using me ~t¥ and (yYp) ~ tP, where t = (T, — T) /T¢:
£2 o 2670 = (@2 — g

v 0.73 and 8~ 0.38, d = 3.

X715 Is finite at T' = T.. Thus,

2
wW=—"—n~f~t'Y —0atT,
XI5
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o Critical behavior (contd.)

m2 - _M ~ mqtﬁ—lf.

f2

since 8 < v — the static screening pion mass grows (at
fixed my #0) as T — 1.

The pole mass of the pion, m,, scales differently:

i
I~
3
|
I
2
3

my
= the pole mass of the pion drops as1T — T..

m

S om {chiral lim.)

N

e Potentially observable consequences

& In statistical models

Amy, = mp — my & ma((mg/Aqcp)/? — 1) =~ —0.3m,
translates into exp(—Am,/Ten) =~ 1.3 enhancement of
pion abundance.

& u < 1 = Cherenkov radiation of pions by a hard probe.
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Gluons Out of Equilibrium

Dietrich Bodeker
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Strongly coupled gluons out of equilibrium

Dietrich Bodeker, RBRC and BNL

Small coupling, g < 1 and large fields,

A, ~ -0
Wk

— non-linearities in Yang-Mills equations become essential, strong coupling

examples:
. Dy cpey -
o magnetic scale gluons (k ~ ¢“1") close to thermal equilibrium

e small-v gluons “colored glass condensate”
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Non-perturbative calculations for many body systems out of equilibrium, that is, in
real time?

quantum field theory: no

classical field theory: yes
classical field theory applies when occupation numbers of (bosonic) fields are large
strongly coupled.gluorw; have occupation number

1
’I’l(kﬂ) ~ 55 > 1

typically quantum modes (modes with small occupation number) can not be neglected

idea: try to find effective classical theory by integrating out quantum degrees of
freedom

general problem: classical thermal field theory has uv dlvergences
‘non-local for real time



unequal time correlation functions

Al —
C(t) = (O(t)O(0))

determined by Langevin equation

2 o~
J
. —(c1+v-D)v-DxB+(C+v-D)W =v-E+¢,
& mp o
;;; N Ltk i el mmemems Al et s rww b i Iy e W . |
W {x,V) adjoint rep prniase space density madairix Of piasma partici
operator, & Gaussian white noise

@ no propagating gauge field waves — solves problem of non-local UV divergences

e generalizes the leading log effective theory

. e

ol

w)
X
s/
|
+
ol
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leading log equation

for gluon fields only
UV finite
single length scale R ~ (¢?T")~!
single time scale 7 ~ [g%log(1/g)T] !

leading order equation
for gluon fields and particle phase space density
UV divergences
one length scale R ~ (¢°T)~* (two if one counts logs)

two time scales 7 ~ (g4T)_1, T ~ (92T)—1



1474

issues to be addressed for leading order equation

relation to thermodynamics of soft gluons
expansion in [log(1/¢)] ™"

role of “fast” modes with 7 ~ (g?T") ™1

renormalization



98¢

Relation to thermodynamics

Langevin equations generate probability distribution for field configurations P(¢,t)

leading log Langevin equation:

H
P(A,t) — exp [_T] , H = %/d?’asz

for t -+ oo < 3-dimensional chromodynamics, obtained through dimensional
reduction and by integrating out Ay

Fokker-Planck equation for P(A, W,t) =

P(A,W,t) — exp [—%] : H = —%/d?’a: {B2+m2D//W72}

W Gaussian free field for thermodynamics = same gauge field t'hermodynamics as
from eq. (3) | - |

W has non-trivial effect on dynamics
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Perturbation theory

e UV behavior: renormalizability, continuum limit?

expansion in [log(l/g)]—lz systematic improvement of leading log Langevin equation

classical field theory can be written as path integral
— “quantum field theory” | Feynman rules (not Lorentz invariant)

(O[A, W])noee = / (AW [dN]e=SO[A, W]
S = {—n?—z)\C'/\—i)\!nj—z(cl—FV-D)v-D><B+(C+v-D)W—v-E]}

gauge fixing: flow gauge

Iifl(‘) =V A



One loop self-energies

high frequency (w ~ ¢?T’) modes do not decouple

AN

>\AQZ

determine color conductivity at next to leading order in [log(l/gr)‘]_1

N
0
[}

result is gauge fixing independent and agrees with Arnold, Yaffe
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Renormalizability

large momentum behavior of propagators

1
<AtrAtr> i ﬁ

but

o] =

(WW) ~ (W Ag) ~ (AgAg) ~

n-point functions for A have bad UV behavior

L] . 1
4

1
4

however, contribution to gauge field dynamics suppressed by powers of g
non-physical, higher loops will contribute at the same order



Gluon Saturation from Small-x Evolution Equation

Kazunori Itakura
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Mclerton—Venugopalam |

Color Grlass Condensalty TaitisrHiris. Liite

fovin, Welyeﬂ P2t
Effective Theory of Saturated gluons
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Summanﬂz

e Color Glass Condensdte is the effective
theery of Saturdted gluons ot swall x .

o Small-x eVo_luﬁ‘e'n fguaﬁlm 'fbr the w.@c'y/t‘f'

Sunetion Welp] s solved ﬁ)/ MFEA and RPA.

e MFA worlks well at high tomentum regien
and repreduces DLA and MQ epuations

e R PA worvke well at lew promcerntteun regt‘a%

and (cads e Sq(lu@/? Sateration
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Renormalization Group Improvement of the Time
Dependent Ginzburg-Landau Equation at Finite
Temperature

Yukio Nemoto
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Renormalization Group
Improvement

of the Time Dependent
Ginzburg-Landau Equation
at Finite Temperature

Yukio Nemoto(RBRC)
Teiji Kunihiro (YITP,Kyoto)
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Time-Dependent Ginzburg-Landau (TDGL)
eq.

Spatial variation of an order parameter of
phase transition.
-—> GL equation

1
—5—(V? — 2ieA)A + oA + BA% =0 (1)
m

An extention to the description of space-
time development
—> T DGL equation.

dA d?A

N +72—5 = ——1——V2A-I-aA+ﬁA3 (2)
dt dt? 2m

Various application of the TDGL e€q.
Dynamical critical phenomena

e.d., (for the chiral phase transition)
(O Disoriented Chiral Condensate

(O Relativistic Heavy-Ion Collision
(O Color superconductivity
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Microscopic derivation of the TDGL eq.

BCS = GL eq.
Gor’kov 1959
BCS = TDGL eq.
Abrahams, Tsuneto 1966
two limited cases (T =0,T = T¢)
(Otherwise landau damping terms di-
verge.)

Chiral effective theory (NJL model) has
the same problem.
NJL — TDGL

Eguchi, Sugawara 1974 (for T = 0)

Our purpose

We employ the RG equation to the Lan-
dau damping which causes divergence. —-
coarse graining of time scale.

We use the 2-flavor NJL model.
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2-flavor NJL model
C = qidg + g[(@9)? + (@vs79)?]  (3)
The Green function satisfies the equation
(i@ — M (tz;t0))S(z,z') = 62(z — ')  (4)

fimt

Ret

to—iB

(closed time path)
Self-consistency condition

M (t; to) = 2giTx[S(z,z7)]  (5)

We neglect the fluctuation of pions, for

simplicity.
to: initial time (assumes local equilibrium)
In relative and center-of-mass coordinates,

St =ty —ty, T = (tx +1y)/2)

t : microscopic variable,
T : macroscopic variable
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The lowest order solution (=Hartree)
S(t,tT) = So(t,t7), M(t;te) = M(T) (6)
The next order
S(tat_l_) — SO(t9t+)

+ [ dt' [ d3ySo(t,t')(M(t') — M(T))
x So(t',tT) (7)

M(t") is expanded around t(=T)
2

dt?

(8)
Each derivative-term is not periodic in the
imaginary time direction. (T.S.Evans 1998)
= One cannot perform the naive Fourier
transformtion.
= We compute the time-integral directly.

M) = M(t)+(t’—t)%]\t—4+%(t’—t)2
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At the order O (QM—)

M (t;to) = 8gN. [ (‘21 ';3 {M];T)(l —2f(E))
1 E? — M(T)? |

_ZEZ’ = {_62i(t—to)Ef(E)2
_|_e—2z(t—-to)E(1 _ f(E))2
+M(T)?B(B — 2i(t — t0)) F(E)(1 — f(E))}

X dM(t)} ,  E=\k?+ M(T)* (9)

dt

Note 1: We neglect the variation of the
temperature.

Note 2: The Landau dampmg term is di-
vergent if one performs F.T. in time. This
means tg — —oo.

Note 3: The Landau damping term is fi-
nite, but appears as a secular term in our
case.
This is similar to the situation of kinetic
equations. (Boyanovsky et.al.)

Note 4: The second-derivative term has
the same structure.

The initial time ¢, is important!|
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Treatments of the secular terms
= Renormalization group approach

tg is considered as the macroscopic vari-
able, tO ~ T.

dM (t;to)
dig to=T

This means that we extract the slow (macro-
scopic) motion. Note c‘lit % d‘é,.
The result is

dM d3k 5 o dM

aT —2gN [ (2W)3M(T) B f(E)(l—f(E))‘zl‘z‘
10

The t-derivative is written as (10)

dM d’k 1 (E? — M(t)?

— = [1- 8N, [ (2«)335{ o8 (1 — 2f(E))

+M@E)BF(E)(1— F(E)}™ (11)
and finally replaces t — T.
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Comments

O It is straightforward to extend this result
to systems at finite density.

O At T = T,., the TDGL eq. is diffusion-
like in superconductor, while it is wave-like
in the NJL model.

Summary

We have derived the TDGL eq. from the
NJL model at finite temperature. The im-
portant is to set up the (finite) initial time
tg. The Landau damping terms are then
divergence-less and appear as the secular
terms. The secular terms are removed by
extracting the slow motion of time, whose
idea is based on the renormalization group
method. (e.g., Ei, Fujii and Kunihiro(2000))
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Future works

(O Generalization (pion, vector, axialvector

fields)
O Derivation: BCS —> TDGL eq.
O Applications to various phenomena (DCC

etc.)

311




Domain Walls in High-Density QCD and in Atomic
Bose-Einstein Condensates

Dam Thanh Son
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CONFINEMENT AND DOMAIN wA'LLs

D.Rischke, DTS, M. Stephanov PRL 87 (2001 06200
DTS, M.Sre,a&anoV/A.ZhHm‘fskﬂ PRL 86 (200]) 3955
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WCD Lagrovgion amd symmedries
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gouge /
VCOle'E’,d' é\}",rg
exact if mgq = O exact Qhoma'%‘ ~
(u,d, ma,gbe, s ) (tnstarifons -
SU(Be + ¢ = 'Aab(x> qb A~ MK /\é)u/\“'

SU(%}L‘. CI,'_' >yl q,‘_’

SUBN +  qa > Uig!

UlDg + qu > equ k= €
UO)A . qL - ef«‘ﬂqL Gr él'd qR
In vacwum - SU(P{QL X SU(N{"IR > SUCN{)V

{a. 97 # 0
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ngvne‘l’ries at ‘u‘gh densities : depeuds on N‘F
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DECON FINEMENT ?

Na»:velg: distance between quarks .~ P« A'a:c'u
quawks become agree, at H}gk densities

BUT:  wnbroken SU(2), must be Con-ﬁ‘m'n@.
How ?
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v
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—
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-
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= Deb ye screening
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DOMAIN _WALLS

Recall. W color S’L(P&Vw[ndu_(ﬁlmf? breaks  U(a
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™ from instantons ) quark magses
pevdodic
V() = -Q).J’Az' cos P a0
po oa

o~ O((%.‘.‘?sz) +O('%:‘%i>
T ——— ..

thstawtons Guowk masses

This (s Sthe - Gordon  +heoyy
K2

whieh possesses dowwum \»\)aﬂ So/ldz‘avx

mz/w

’I (f(%) = 4 t
s [/’_— arclon €

) .
//() >£ m = 27‘_ GA mass o_{_ PMOSC&.[QV‘
smalei
Notes: ) Needs m £ 2A

Lor eﬁeeuh‘ve -H/Leora o be eﬁfwﬁve

2D  Ground states on Q sides of domacn wall
are idewhcal

= v\\_gn-—'r‘“bpolgg«,‘ca( domain wall

(simelaw 4o N=l axion demadn wa//s)
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Chiral Properties of Domain Wall Fermions with
Improved Gauge Actions

Kostas Orginos
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RIKEN Review November 29-30 2001

Chiral properties of
Domain Wall Fermions
with Improved Gauge actions

K. Orginos

RBC group

e Introduction and Motivation.
e Chiral properties of DWF.

e Gauge Actions.

- Tests and Comparisons.

e Conclusions.
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Introduction - Motivation

Domain Wall Fermion Chiral Ward Idehtity:

[Furman & Shamir Nucl.Phys. B439 (1995)]

Au(AL2)O()) = 2ms(J&(@)O(y))
+ 2(J2,(@)0)) + i{5°0(y)).

A% (z) : Axial Current
J¢(x) : Pseudo-scalar density

ng(x) : Anomalous Pseudo-scalar density

lim (J8(2)0(y) =0

e s — oo . EXxact chiral symmetry
e Finite Ls: Exponential'y suppressed breaking

Measure of Chiral Symmetry Breaking:

(J&,(0)J2(1))
(J8(0)JE®)) |y,

Assume at low energy Jg ~ mresJg

Mres —
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0.020 ! 1 ] i 1 { ] 1 I | 1 1 i I I I I i I
Wilson (RBC) .
0.015 Iwasaki (CP—PACS) —
S
\&',’ 0.010
&
0.005
0.000

e EXponential suppression is small.
at a7 = 2GeV Mres ~ qu
Wilson gauge g ~ .97
Iwasaki gauge ¢ ~ .74

e Mmres Varies with the Gauge Action.
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Objective

Minimize Chiral Symmetry breaking in the space
of Gauge Actions. '

Actions Tested:

- Wilson: s, = gReTr<1_ D>

- One loop Symanzik:

S, = gRe Tr {co <1— I:I> 1 2c <1‘ I:]> T %Cz <1— >}

¢; computed by 1-loop tadpole improved perturbation theory.
[Liischer & Weisz Phys.Lett. B158 (1985)]

[A1ford et.al. Phys.Lett. B361 (1995)]

- Iwasaki:

S, = gReTr [(1 — 8c1) <1— I:I> T2a <1_ E::D]

With ¢; = —0.331 computed by perturbative RG blocking.
[Twasaki (1983)]

- DBW?2: Same as Iwasaki but ¢; = —1.4067 computed
non-pertrubatively by RG blocking.

[Takaishi Phys.Rev. D& ::iu98)]

328



The DBW?2 action

Doubly Blocked Wilson 2 [rakaishi Phys.Rev. D54 (1996)]
e Start form Wilson 8 = 6.3 on a 323 x 64 lattice
e Doubly Block by a factor 2 (swendsen’s Blocking)

e Solve the Schwinger-Dyson equations to find the
effective action.

e Truncate to the two coupling space:
1 1
Sg = BllgReTr <1— I:I> -+ ,312-§R6TF <1— l !>

DBW?2 definition:

P12 _ 41148

B11
QCD-TARO [iuci.pays. 2577 (2000)] Studied the RG flow
on the 2D plane of couplings and showed that

DBW?2 is approximately RG invariant.
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T he transfer matrix

Chiral Symmetry breaking is controlled by the nearly
unit eigenvalues of the Transfer Matrix 7 in the

5th dimension. [Borigi hep-1at/9912040] -
1+H
-1 1TH
1 — Hy
with
1 .
He = 7 V5 Pw(—Ms)
2 + Piw(—Ms)

* Hiln) =0 = 15Puw(-Ms)|n) =0 = Tn) =1

o v5Pw(—Ms) has a lot of nearly zero eigenvalues. -
[Neuberger, Narayanan| [Edwards, Heller, Narayanas]
- [Hernmandez et.al. wucl.Pnys. B552 (1999) ; hep-1at/0007015]
e T heir frequency decreases rapidly as the contin-
uum limit is approached.
e Proposals of improvement: “Just remove them'

[See above citations]
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Improved Chirality < Suppressed H; Zero modes

We would like to:

e See the signal of H; Zero modes

e Chirality Breaking per configuration:
Jg (0)J&(t)

B0 = ey sem

e See how much we can change the number of
Zero modes by changing the gauge action,
and hence improve Chiral Symmetry
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Simulations

We measured the light hadron spectrum; the resid-
ual mass, and the ratio R(¢) (defined in the previous page)
on 163 x 32 lattices.

e a—1 ~ 2GeV (from the p mass)
Matches the Wilson g = 6.0

e Bare quark masses 0.02 0.04 and 0.06
e Varied Mg in the range 1.4 - 2.0
e Varied Ls ( 8 12 16 )

e Gauge actions:
1-loop Symanzik (50 configs)
Iwasaki (50 configs one L,)
DBW?2 (90 configs)

We also have data for DBW?2 at a1 ~ 1.3GeV
163 x 32 (. Aoki's talk for the spectrum results).
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R(t) spikes indicate the localization
of the Zero Modes.
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10°,

The Zero Mode
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Spectral flow
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Spectral flow of v5P,(—Ms)
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This is the single spike DBW?2 has.
(one out of 90 configurations).

[T. Izubuchi talx]
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Observations

Summary of “Zero Mode” observations:

e They are localized
e They enhance Chirality breaking

e Significantly fewer for Iwasaki and DBW?2

Expectation:

e DBW?2 improves Chiral Symmetry
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Bare quark mass is 0.020
Ls=16
Mg = 1.8 (for DBW2 Mg = 1.7)
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Mres VS My
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Mres VS Lg

- T j T T T T T ]
1077 - | =
Lg 1072 |~ -
% = ]
g B ]
107 = x B

10“5 I 1 | 1 1 ! 1 I I 1

10 A 20
L

e DBW?2 action (mres(s) ~ ¢° with g ~ .6).

e Iwasaki action [cP-PACS Phys.Rev. D63 (2001)]
e Symanzik action. .
e Wilson action [RBC hep-1at/0007038]
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Hadron Masses vs g

0.7 1 1 11 } | i 1 | L i 1
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L

s

Action: DBW?2 Mg = 1.7, bare mq = 0.020

Masses for Ls = 12 and Ls = 16 are identical.
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Vector meson scaling

i ] i 1 | 1 ] 1 I 1 L} i
2.0 — ® ]
i © :
1.8 — —
: f? {mI Lo u -
5 _ _]
& 1.6 i + % i
n + -
- + -
al © Wilson/Staggered (MILC) .
[ % DBW2/DWF (RBC) -
- O Sym_1loop/Stag. Asq_tad (MILC) 1
- X tad. clover wilson (UKQCD) -
1.2 — + Sym_1loop/clover wilson (SCRI) ]
[ |<> WIIS'OD/DPVFI (RIBC)I { I 1 | ] i

0.0 0.2 0.4
(a/r1)2

o
o

Non Domain Wall data published in
[MILC Phys.Rev. D61 (2000)]

[v. Aoki talk]
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Nucleon scaling
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Non Domain Wall data published in

[MILC Phys.Rev. D61 (2000)]

[v. Aoki talk]
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What about Topology?

It is believed that:

[Neuberger, Narayanan| [Edwards, Heller, Narayanan]
e Zero Modes < Topology change
DBW?2 suppresses the number of Zero Modes.
e Does topology change?

2 4
S [UT] = 8x2 <1 +C %2-+o (%)) |

C > 0 — Stable instantons (Iwasaki/DBW?2)

C < 0 —+ Unstable instantons (wilson/Symanzik)

[Itoh, Iwasaki, Yoshié]
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Topological Charge history

6 : t 1 ] 1 i 1 l 1 l I 1 ] 1 1 ] i) 1 :
4 Z—— N -—:
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o / " :
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—4 ;_/ _E
__6 : 1 ] | i | | i 1 1 l [ | 1 | I i | | | :
0 20 40 60 80
conf #

Topology tunnels slowly with DBW?2.

‘Topological charge measured using APE smearing and measuring fFF’

. [DeGrand, Hasenfratz, Kovacs Nucl.Phys. B520 (1998)]

346



Conclusions

The RG improved gauge actions significantly
improve Chiral Symmetry for Domain Wall
Fermions

The DBW?2 gauge action results in a resid-
ual mass about a factor of 10 smaller than
the Iwasaki at 2GeV. (L; = 16, myes ~ 30KeV)
At 1.3GeV mres is about a factor of 2 smaller
than the Wilson action at 2GeV!

The good scaling of DWF with Wilson ac-
tion is preserved with DBW2 [v. aoki taix]

The hadron masses seem to reach their asymp-
totic values at L = 16.

The improvement of Chiral symmetry comes
from the suppression of 5Py (—Msg) zero
modes. As a result topology fluctuations
are significantly reduced

The DBW?2 action should be equally effec-
tive in improving the Overlap Fermion con-
vergence.
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Introduction

e Why Domain Wall Fermion 7

e Good chiral and flavor symmetry
e and Good scaling

e Applications

e By, € /e, proton structure functions
e Proton decay matrix element (very small mixing).

(¢TCPrq)Prq < (¢TCPrq)Prq, (¢FCyuvsq) Pryug
e Good chiral symmetry for the fine lattice,
(CP-PACS, RBCQ).

e Wilson gauge action : good for a~1>2 GeV.
e Iwasaki gauge action : very good for a=1>2 GeV.

e Not sufficiently good for coarse lattices.

e Difficult to take continuum limit for demanding
calculations, like €' /e.

e Better chirality can we have with further im-
provement of gauge action 7

o Yes! DBW2 gauge action provides better chi-
ral symmetry than Iwasaki gauge action.

e Important to check

o Chiral property at a—1 ~ 1.3 GeV.
e Scaling of spectrum (a1 ~ 1.3, 2 GeV).
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Gauge action

Sg = H{ T Tl + 1= TrUng}, >=15

plaquette 2 X lrectangle
co+8c1 =1
c1 = 0 — Wilson action
c1 = —0.331 — Iwasaki action

c1 = —1.4069 — DBW?2 action of QCD-TARO
T. Takaishi, Phys. Rev. D54 (1996) 1050;

P. de Forcrand et al, Nuc. Phys. B 577 (2000) 263.

Heavy quark potential: |
8 =0.87, (¢!~ 1.3 GeV) B =1.04, (a ! ~ 2GeV)

beta=0.87, 16°x32 beta=1.04, 16°x32
T T T 0.2 f T T T T T

V(ra

r/a : r/a
J
e Scale determined from gluon dynamics.

e Sommer parameter ro : F(ro)ro? = 1.65; F: force.
e String tension.
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Residual chiral symmetry breaking

a~l~13 GeVv

DBW2, B=0.87, 16°x32xL,

107 |
4 L=
mu)
E_
- L - L=12
10 7
/7 i
1.5 l 1.6 | 1.7 . 1.8 1.9 ‘ 2 ‘ 2.1
M

Comparison for same size of fifth dimension L = 16

o mPZ72(a7! = 1.3GeV) = 1MeV < m]*(a™" = 2GeV)

U X 15
o mPBEW2(g~1 ~ 2GeV) ~ 0.03MeV ~ L igﬂsakz(a—l ~ 2GeV).

7‘63 - ]_0

[—talk by K. Orginos]
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Residual chiral symmetry breaking

M Exz_ R
i L,
s
4
AL AL (z) = 2mpP(z) + 2J5,(). “conserved current”

(non local)

The Ward-Takahashi identity:
A, (ALPY) = 2my (POPY) + 2 (JE,P%) + i (6°P°)

Residual quark mass (t > a):

o (JE,(£)P*(0))
T (Pa(t)P(0))

Y

m;?r X Mf 4 Mres, Mipes — 0 (Ls — 00).
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Pion mass

Pion correlator suffers from topological near zero
modes in DWF. (PP) correlator and (AgAq) correla-
tor have different type of pole from zero modes, all
of which vanish in the limit V — oo.

1

(PP) —

?

(AoAo)

3 |""3M||—l

[RBC, hep-lat/0007038]

B=1.04, (a1 ~2 GeV), 163 x32x 16, M = 1.7.

DBW2, B=1.04, 16°x32x16, M=1.7 .

0.08 +

0 %

0 001 002 008 004 005
ma

e Values from two methods are consistent, but try-
ing to deviate each other toward the chiral limit.

e linear extrapolation overshoots my = —Myes.
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B=0.87, (a=t ~ 1.3 GeV), 163 x32x 16, M = 1.8.

© PP correlator |
o AA correlator

0 002 004 006 008 0.1
ma

e No difference seen in 0.02 < msa < 0.09.

e Slight deviation at mea = 0.01.

e Linear extrapolation overshoots Mg = —Mres.

e x?/dof = 3.4/3, for PP correlator.
e x?/dof = 0.03/3, for AA correlator.

e With constraint: my vanishes at My = —Mres.

L '1’1’1172r = A(mf + mres)(]- - 5ln(mf + mreS))
— § = 0.03(2), x?/dof = 0.5/3 for AA.

) m72r = A(ms 4 mres) (1 = 8ln(ms + mires)) + B(mys + myes)?
5 § = 0.09(5), x2/dof = 0.04/3 for AA.

e Consistent with quenched chiral log.
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Pseudoscalar decay constant

2
%—5%26——% = (Ag(t)Ap(0))

Z 4 can be calculated by the ratio of conserved cur-
- rent and local current correlator:

Ot +1/2) = (Ao()P(0))

L(t) = (Ap(®)P(0)),

7. = 1 Ct+1/2)+C(t—-1/2) n 2C(t+1/2)
‘AT 2L(t) L+ LE+ D]

3=0.87, (a7t ~ 1.3 GeV)

DBW?2, B=0.87, 16°x32x16, M=1.8

o full
o 1st term only

e Mild linear depen-
dence on my (1-2% in
entire region).

e Define Z4 at the chiral
limit.

0.78

0.77
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8=0.87, (a1 ~ 1.3 GeV)

0.13 |-

ot | e Both correlators give
. the consistent results.
ol

4
0.1 r O AA correlator 3
g PP correlator ] GOOd Chlral DFODeI’t‘y
0.09 0 0.02 004 006 008
ma

Another method: using
DoAo(t) = 2msP(t) + 2J54(t) = 2(my + Myres) P(t),
which holds in low energy matrix amplitude,
2 m,3
(Mg + mres)? 8

e~ = (P(t)P(0))
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scaling plot of decay constant for DWF

1eol K .
150 E T
<140 i
[
S | ¢ ]
» 1309 T .
i | E ] E/DBWZ d
120 | s K/DBW2
L o w/Wilson

0 0.02 0.04 0.06 9.08 0.1 0.12 0.14
(a/r,)

e Good scaling for both f; and fx.
e fr is consistent with experiment.

e fx is small, expected from quenched chiral perturbation
theory [Bernard, Golterman, Phys. Rev. D (1992) 853].
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Rho meson mass

8=0.87, (a1 ~ 1.3 GeV)
0ss DBW2, B=0.87, 16°x32x16, M=1.8
o ! T M T T T T

08 A

0.76 .

0.65 A

0.6 - p

0‘55 1 L 1 13 1
0 0.02 0.04 0.06 0.08 0.1

ma

Nucleon mass

8=0.87, (a1~ 1.3 GeV)
DBW2, B=0.87, 16°x32x16, M=1.8
1.3 T T E) T T

1.2 +

11

0.9

0.8 r

0-7 L 1 ] 1]
0 0.02 0.04 0.06 0.08 0.1

ma

B =1.04, (a~! ~ 2GeV)

DBW2, B=1.04, 16°x32x16, M=1.7

} T T T T

05 | -
@ 045 -
[=%
£
04 .
0 0.01 0.02 0.03 0.04 0.05
ma
— -1
B=1.04, (a=t ~ 2GeV)
DBW2, B=1.04, 16°x32x16, M=1.7
0.75 . ‘ ; r |
07 - i
!
|
0.65 - i
%
« {
2 06 4
£
0.55 .
i
05 J
0.45 : s L :
0 0.01 0.02 0.03 0.04 0.05
ma
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Scaling properties

Rho meson mass:

Eca.2.1 - =
I e DBW2
2r o Wilson 7
1.9

0 002 004 006 9.08 01 012 0.4
(alry)

DBW2 : This work
Wilson : RBC, hep-lat/0007038

Nucleon/rho mass ratio and K*/rho mass ratio:

15—
| experiment |
13 ¢ E E |
IS -
12t N :
* K* = N/DBW?2 |
Ll * L) o N/Wilson |
' e K/DBW2

0 002 004 006 g.bs 04 012 o014

(a/r,)
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Summary

Quenched DWF simulation with DBW2 gauge
action.

e Chiral properties for a1l ~1.3 Gev.

o mPBW2(q=1~ 1.3GeV) ~ 1MeV < ml¥ison(g=1 ~ 2GeV).

TES

e Pion mass behaves consistent with quenched chiral log,
with constraint such that it vanishes at my = —myes.

e Pseudoscalar decay constant obtained from different
correlator at a=1 ~ 1.3 shows consistent results.

e Scaling properties.

e Rho meson mass gives consistent scale with that from
ro calculated only by gluon dynamics.

e Good scaling observed for Nucleon and K* mass.

e Pseudoscalar decay constant shows good scaling.

e Ready to be used for applications.
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Eigenvectors.
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“RIKEN-BNL Research Center, Brookhaven National Laboratory, Upton, NY 11973
5Physics Department, Columbia University, New York, NY 10027
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Continuum QCD

® Eigenvalues and Eigenvectors of the Dirac operator, D .
® Eigenvalue spectrum split into two classes

— Zero-modes; D\Ifo =0

* Also eigenvector of 75

[vs, D) W =0
YW = £V
% Chirality =1

— Paired modes; D\Ijii)\ = :l:’i)\\lfii/\

* Y5 maps between paired modes

YU iy = \Ij:}:z')\

* Chirality Zero

W’YW =0
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Structure of Paired Modes

® How is the global chirality of paired modes zero?

— Lumps of well defined chirality that cancel

* e.g. Instanton Liquid Model

— Chirality locally zero/small.

* e.g. Witten [Nucl. Phys. B149 285 (1979)]

® Can be addressed by studying eigenvectors on the Lattice.
® First studied by Horvath et. al. [hep-lat/0102003]

— Chirality found to be locally small

® Our study [hep-lat/0105006]using:

— Weaker coupling (closer to continuum).

— Domain Wall Fermion Dirac operator (improved chirality).

® Several other groups: [hep-lat/0103002],[hep-lat/0105004],[hep-
lat/0105001]and [hep-lat/0107016]
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Domain Wall QCD

® Chirality a problem for lattice actions

® Domain Wall Fermions are a solution.

— [Kaplan, Shamir, Neuberger]

® Add a fifth dimension, S , of length L .

— Localise left- and right-handed components at either end

of 5th dimension
— Couple ends with a mass term mf }

— Chirally symmetric when LS — O .

® Degree of chiral symmetry breaking depends on

— Gauge Field
_ LS

® Found to work well in practice for L, & 10 with quenched
gauge fields. [RBC, CP-PACS]
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Our Study

® Solve for lowest 18 eigenvalues and eigenvectors of D) DWF

Dirac operator
— L, =16

— Two gauge actions: Wilson and Iwasaki

Iwasaki Gauge Action | 55 configurations
m = 0.0005
Wilson Gauge Action | 32 configurations
my =0

— Quenched approximation.
— 164 volume with a_l ~ 2GeV

® DWF has better chirality for Iwasaki action [hep-lat/0007014].

— provides good check on answer
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5d to 4d

® From 5D eigenvector \115 , construct 4D vector

s<Ls/2

Uyarmrr(z,v,2,8) = Y Usi(z,y,2,1,8)
5=0

s<Lg

Uaricur(z,v,2,t) = > Usg(z,y,2,t,9)
s=Lgs/2
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Eigenvalue Spectrum

200 1 I I I | i

150 —

100 — u

N RS s a i R DA R A RN
3.5 3 2.5 -2 -1.5
log,,( Eigenvalue )

® Eigenvalues span large range ; Histogram

logyg (W)

® Clear signal for zero-mode vs paired modes.
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Global Chirality

0 I ! ' | J | I
300 |— ]
200 — i
100 |~ |
N 0 0 0.5 1
Chirality
\led%‘l&xd

® Histogram chirality of each eigenvector.

® Again clear signal for zero-mode vs paired modes.
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Y5 Plots

G5(i, 5) = Uhy 75 Vaa

Non-zero if:

®] = ] and \If4d,z' is a zero-mode.

® i # 7 and Wyg; and Wyg ; are paired.

K Simple and “complex” configurations
® Iwasaki ensemble approximately 1 : 10

® \Wilson ensemble much worse.

375



Y5 Plots

m———si s ——————

| G5(1,j) for Iwasaki configuration 7..: |

! G5(1.j) for Iwasaki configuration 2 |
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Topological Charge Definition

® Gauge Field definition

1

Q= 3272

—— €1 1T [F3 Fl

® Calculate this on the lattice by the method DeGrand et. al

® May also calculate the Topological Charge from the number

of positive and negative chirality zero-modes.

® Provides a good consistency check.
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Topological Charge

Q from gauge field

J
[\
I

I

-6 1 | ! l ! I i | 1 | 1 | !
-6 -4 -2 0 2 4 6 8

Q from eigenvectors

® Good agreement between gauge field and fermionic definition

of Topological Charge.
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Localisation of Chirality

® [ocal nhorm

Qp(z) = id(f)qf‘ald(l?)

® |ocal chirality , L(x).

Xp(z) = ‘Ifﬁd(x)vs%d(x)
L(z) = Xg(z)/2n(z)

® Only want to look at important points

QH > 'Qmin

® Histogram L(il?) .
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Localisation of Chirality : Iwasaki

1.5e+05 T T T I T T

1e+05

50000

o () .. = 8107 allowing 6% of total norm .

o () .. = 3.107° allowing 29% of total norm .

® | ocalisation of chirality favoured.
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Localisation of Chirality: Wilson

1.5e+05 T | T | T T

1e+05

50000

® Results independent of gauge action.
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Spatial Distribution

® Hard to visualise 4—D data.

® May look a 2. section

N(.fl?,’g) — ZZ \Pid\péld (,x;ya Z,t)
P

7
A~

® Look at left- and right-handed norms separately

— Localisation of chirality visible.
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Spatial Distribution of a Zero-mode

Figure 1: Left-handed component of the iocal norm summed over z and t for a zero-mode

i

igure 20 Righi-nanded component of tae local norm surmmed over z and ¢ for & zero-mode
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Spatial Distribution of Paired mode

x

3

3 paired mode

v
24

Of TAE 10Cal NOTIN Surmmed Over z and T 10z

~

k3

3

1

1

~

{7

Sy

3

3

ft-nanded componen

- -

e

Figure 3: Le

-~

of the .ocal norm summed over z and © for & paired mode

ent

izure 4: Right-handed compo

I
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Outline

|. Introduction
II. Results: Physical Amplitudes and the C'P violation parameter €’

[Il. Summary and Outlook

T. Blum CP Violation in K Decay from Lattice QCD
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|. Introduction
C' P violation in K — 77 decays

The long-lived and short-lived neutral kaons are almost C'P

eigenstates, but contain small mixtures of each other
IKS> _ Keven> + EIIJKOdd>
IKL> _ [(odd> + 6|](even>
u{even,odd> _ KO> - IR*O))

Indirect C'P violation occurs when K oscillates into the K€Ve"

state and decays to the |C P-even state |7m)|. Loosely speaking,

the probability for this is parameterized by the observable [€]..

Direct C P violation occurs when the K1 decays to |7wm) directly

from the K°%¢ component. Loosely speaking, the probability for this

is parameterized by the observable |¢/|.
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Long theoretical effort driven by experimental observation

e Summary of C'P violation found in Nature

— Indirect: €

1. Christensen, Cronin, Fitch, Turlay (BNL 1964)
2.271(17) x 1073

— Direct: € /¢
1. KTEV (FNAL 2001) 20.7+ 2.8 x 107
2. NA48 (CERN 2001) 15.3+2.6 x 1074

i

.— B factories measure sin (23)
1. BaBar (SLAC 2001) 0.59 4 0.14
2. Belle (KEK 2001) 0.99 £+ 0.14 + 0.06

e Al = 1/2 rule for kaon decays: ﬁg:g gig;g ~ 22

l

—
EW

)]

. . . 3 1 H
EB 2T -Ta T2V 3 PaS Vo e A e ey b Ny B e A d i
cOC0TY — EXDEriment ¢ Consiram ins Jidﬁdas{‘i Moagei

¢
“AD

T. Blum CP Violation in K Decay from Lattice QCD
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Convenient to use QCD eigenstates KY and FO and define the
isospin decay amplitudes
A (KO — WW(I)) = Ae’r
A (7(_0 — ’/T’/T([)) — A%
Aren = (rm(D)| - iHAS K
where [ = 0, 2
which vyields

/ iei(52—50) Reflg [Iml‘qg lon}

€ = -
\/i Rer ReAg R&‘lo
and
y RE.AO
(Al =1/2 rule) —
Re-AQ
T. Blum CP Violation in K Decay from Lattice QCD
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The AS = 1 Effective Hamiltonian
The Standard Model Hamiltonian: a short distance expansion in
terms of effective local four-quark operators Q;(u) (c.f. Fermi

interaction) with Wilson coefficients z;(u) and y;(1).

ns—y G S ViaVi
2(AS=1) _ —\7_-;:%qu3 {Z [ZZ(M) — thvf* yi(u)} Qz‘(ﬂ)}
1=1 ua v us

Both depend on an arbitrary factorization scale . Effective
Hamiltonian is independent of this scale. Take u low enough that
non-perturbavtive calculations are practical (1/a < Myy), but high

enough that continuum perturbation theory remains valid.

Key to the OPE is that the full amplitude is divided into low
energy (hadronic matrix elements of ;) and high energy (Wilson

coefficients) parts that can be computed separately.

T. Blum 392 CP Violation in K Decay from Lattice QCD



I1I. Lattice Calculation of
Hadronic Matrix Elements (77|Q;|K)

There are three key features of our calculation

e Chiral perturbation theory to obtain K — 77

from K > mand K — 0

e Non-perturbative renormalization (NPR) of operators

e Domain Wall Fermions (chiral symmetry)
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Chiral Perturbation theory Bernard, et al.

Significant technical difficulties associated with in7), so use lowest order chiral pertur-
bation theory to relate physical K — 7w amplitudes to unphysical K — 7 and K — 0 ones

calculated on the lattice.

Replace four-quark operators with x PI" representatives, Qz'—?‘@z-‘—‘&;@;

1620
OIOEIKT) = = (m} —my)ay™

4m?2
<,/T+l@(8,1)|K*+> — M (a(S,l) _ O{é&l)>

f2 1
7 4m?2, -
<W+I@(2[’1)|K+> —- _ T;waa(zr,l)
12
<W+|@(8,8)[K+> — Fa(s,s)

41 .
(nTn|0@N K0 = aid (m‘}{o — mi) ags’l)

f? "
(7r+7r"|@(27’1)|K0> — _% (m%o _’m;) o271
_ —122
<’/T+7T I@(8,8)|K0> — . a(8,8)
f

mas is a common unphysical meson mass (m, = mg = my), m&}s are unphysical quark
masses, and f is the decay constant f = f; = fx to lowest order.

Significant approximation, but can be improved by one-loop plus O(p*) tree-level cal-
culations.

Also complicated by use of the quenched approximation.

T. Blum CP Violation in K Decay from Lattice QCD
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Operator renormalization factors, Z;;

e Bare lattice operators are divergent as ¢ — 0 so must be renor-

malized at some scale i (u dependence cancels with 11 depen-

dence of C in H(25=1) which is RG invariant).
e Non-perturbative renormalization (Rome-Southampton)

e Regularization independent (RI) scheme (c.f. MOM-scheme)

(q(p) O™" q(p)) = (a(p) Z Oq(p)) = (g(») O q(p))tree

Green's functions calculated in a fixed gauge with off-shell quarks

with large Euclidean momenta (1* = p?).

e No need for difficult perturbative lattice calculations. Can match,

using continuum perturbation theory, to other schemes like M S.

o H(=°=1 case is complicated since operators mix with each other

and also lower-dimensional ones that are power divergent:

/

Oren ,Li Z‘Z?/ a,u; (O!ad )+Z ﬁ “,,U‘B] C!f — {9{1({,2)

i

T. Blum CP Violation in K Decay from Lattice QCD
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Details of the Simulation

Wilson gauge action, quenched 6/¢% = 6.0 — 1/a = 1.922 GeV,
400 configurations

Lattice size 16° x 32 — (1.6fm)® x 3.2fm

Domain wall fermions with Ms = 1.8, L, = 16, and quark masses

m¢ = 0.01, 0.02, 0.03, 0.04, 0.05

(in units of lattice spacing). m&s

Mstrange
m. = 0.1, 0.2, 0.3, 0.4

corresponds to m ¢ ~ .02.

e e

. -~
et wm D e e e e S, ~ ; P
T P e — ~ et et E—

-l e e

f1d

Simulations done on the QCDSP supercomputers at Columbia Uni-

versity and RIKEN BNL Research Center. Matrix element calcula-

tion took roughly 4 months x 0.8 TFlops (peak).

T. Blum
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(m1Quas I o (O ) (i = 1,2,9,10)
Higher order effects are large. Fit is forced to vanish at ms =
—Mypes = —.00124. Quenched log is small. Conventional log is large

and mimics linear term. Known coefficients calculated in QxPT.

0.003 —— . — 1 ! '
0.0025 |- B
— fit
- quadratic term ]
A 0.002 ---- quenched chiral log term -
+:y: Ty conventional chiral log term
§— - —~ - linear term ]
Z 00015 |
\/Q;i L -
+
B2
V0001 |
0.0005 | B
O i
0.06
m,
27,1),3/2 2 e -
@S2 — I slope = (—4.13 £ 0.18) x 107
and gives the lowest order contribution to Re 4,
T. Blum CP Violation in K Decay from Lattice QCD
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Electroweak penguin (7(*“[@&3]2?{[( ) (imp_ortah’cftO--:e’ )

| owest order contribution is a constant, higher order correction
to this constant appears small. Extrapolate to mf = —Mypes =
—.00124. Quenched log is unknown (ignore). Coefficient of con-

ventional log is also unknown, but fit to it.

-0.01 ;
0015 —
N L ~
Y
Zz -002f —
v@tﬂ M
+‘_: P _
\Y
0025 -
: —— linear
L -—-- chiral log -
03—l b
0 00l 002 003 004 005 006

m,

045(33/2) = L x intercept = (—4.96 £ 0.27) x 107°
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QCD Penguin (77| Qg j2t| K) and 2m s ng (77| 5d)ae| K ™)

Divergent subtraction is almost complete. Physical slope is

roughly 50 x smaller than the unsubtracted one

04 ; —
| ! [ 1] Ktom
03 E total @ ]
' E Sub
I ; = ]
0.2 i i
; =
0.1 i = _
i = _
] O USND “SD NSSD S w— -
1 I ! l | ] I I f ‘% i % |
-0.01 0 0.01 0.02 0.03 0.04 0.05 0.06
g
Data are highly correlated!
T. Blum CP Violation in K Decay from Lattice QCD
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Subtracted QCD Penguin (77 |Qg 1| KF) (important to €')

Does not vanish as my — —Mes because valence quark loop is
sensitive to high energy chiral symmetry breaking effects (mixing
between domain walls). Effect is an additive shift in the quark mass,

which is eliminated by taking the slope.
as = £ x slope = (—8.12+ 0.98) x 1073
6 = L X slope = (8. 98) x

0.006 i i l T l T ] T T
0.004

0.002

—-0.002

+ +
<n lQ(), lutth >

-0.004

-0.006

-0.0
0 080 0.01 0.02 0.03 0.04 0.05 0.06
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T0%

V. Physical Amplitudes

_ - i . 3 10 X
(| — iHAT=Y | KO = —z-\/gGFXud Vi Z lzi( ) 4+ Ty (10)] Z,L.'\;PR

=1 j=1,7#4

( ‘1"" 22 2.y 4 7 : ‘
/ ¥ lat (Tnlxo ~_Tn%r"*“) a 1 _EL (’Iﬂ[{)} I = 07 J = 172737576
— V20 ‘ LT3 |

/\J/ g'm)(mz 7n,72T+) T ~2~LX(772,K)} I=2 7=1,2305,6

X 9 _ml_ZI (1/2) —6 - _ ‘ - o

I Vi lar o’ [1=84L.(mg) [I=0, j=17,8

=122 40 . »
‘7':‘))%““!”15:?2;) 0™ [1=23Ly(mg)] I=2 j=7,8

Tree level One-Loop, logs only



Real part of Ag

Study “fictional” world with masses m?Ko, m72r+ — & X(m?ko, m%)

“Tree-Level” = Lowest order chiral perturbation theory

“One-Loop” = Tree-Level + full QCD chiral logs (K — )

4e-07 — 1 e e l
I Exp. value A |
—~ 3e-07F —
7 _ |
©) One-loop
= 2e-07F = =
< _ |
)
X7 Tree level _
O i [ ! | 1 f 1 | ! | 1
0 02 04 06 038 1
(1 =2.13 GeV)

T. Blum 402 CP Violation in K Decay from Lattice QCD



Real part of Ay

2e-08 ' ' ]
-~ 1 .56-08 — Exp. value A ~]
>
8 -
= 1e-08- One-Loop i
< _
&) |

Se-09r Tree-Level

O I

0 '012'014'0';'0'.8[ i

(1 = 2.13 GeV)
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AT =1/2 Rule

30— —

. One-Loop
< ngl _
5 29 /"
M - A .
<& - %
o 20F =
- Tree-Level

1 l ! I ! I I I ! |
%702 04 05 08 1

(1= 2.13 GeV)
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Imaginary part of Ay

— —
> ;
D)

@ _
'_(\./ -
R= i

y—

P< _
-
< _|
a = N
— 2.5F |
_3‘ 1 I 1 I 1 l I | i | |
0 02 04 06 038 1

(n=2.13 GeV)
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Imaginary part of Ay

0r— . ,
> 0.5l i
&; - Lowest order
E:]\./ - .
S -1 s -
T .

+ -1.5F .
k= ) One-loop
i SN S R S S
0O 02 04 Oé6 08 1
(n=2.13 GeV)
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Individual Contributions to ImA 9

2e-11

le-11F

(GeV)

- -le-11F

ImA

2e-11F

3e-11F

R S S S SN TN N N R
10 78910
perator

4e-11

©_

p = 2.13 GeV, One-loop xPT logs (£ = 1)
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Residual Scale Dependence in Imag. Amplitudes

! J_ | I l I 1
S -15F ~
L
& L & - o
R T =
: 1 O
& & )
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E il
P Y R I R B

3 i
8 125 @ —
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T. Blum CP Violation in K Decay from Lattice QCD
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¢ /e

e_’__ W ImA, ImAq
¢ \V2lel) ., \ReAy ReAq

20 ' ' l T T |

- O
%
o™ 220
D-‘C\l
v%
~5 40
3|

(
el
o)
-)

I 1

0 02 04 06 08 1

-80
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Isospin Breakdown Fy and P

1= 2.13 GeV, One-loop xPT logs (£ =1)
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Individual Contributions to €' /¢

0.002) e e ey
0.001; [=2
| |
-0.001; [=0
'0'002_' 345678910
operator

I

p=2.13 GeV, One-loop xPT logs (¢ = 1)
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Final Results

This calculation
Quantity Experiment (statistical errors only)
Re Ap(GeV)| 3.33 107" 2.96(17) x107"
Re A5(GeV)| 1.50 1078 1.172(53)x107°
W 22.2 25.3(18)
Re (¢'/¢) 15.3(26)x107* (NA48)| —4.0(23) x107*
20.7(28)x 107* (KTev)

(1 = 2.13 GeV, One-loop chiral logs)
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Approximations in this Calculation of ¢’ /e

1. Use of quenched QCD  (Golterman and Pallante).
2. Use of chiral perturbation theory

(a) Unknown values for (8,1) and (8,8) conventional chiral logarithms

(m3, lh(m%\[)) in quenched K — 7" matrix elements.
(b) Unknown O(p*) counter terms in full and quenched QCD

3. Charm is not treated as an active flavor

4. Reliance on continuum perturbation theory down to j = 1.3 GeV

in the calculation of the Wilson coefficients.

A 25 % error in each, “added linearly”, could produce

a much different final result.



Summary and Outlook

e Domain wall fermions -+ non-perturbative renormalization: cal-

AS=1)

culation of K — 7 matrix elements of ! in quenched

QCD under very good control.

e Given relatively good agreement with experiment for Real ampli-
tudes, small, negative result for ¢ may seem suprising. How-

ever, cancellation Py — P, complicates €.
e Outlook is good for systematic improvement of the calculation:

— Treat charm as an active flavor
(matrix elements, ZNEPE \Nilson coefficients calculated,

but analysis not complete.)
— Higher order terms in chiral perturbation theory

— Dynamical simulations (QCDOC)

— Direct calculation of on-shell K — 77 matrix elements

(Lischer and Lellouch, Rome-Southampton)
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Calculation of Non-Leptonic Kaon Decay Amplitudes
from K — ©t Matrix Elements in Quenched Domain-Wall
QCD

Junichi Noaki
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RIKEN Review, Nov. 2001

Calculation of Non-Leptonic Kaon Decay

Amplitudes from K — m Matrix Elements
in Quenched Domain-WaII Q CD*

Jun-Ichi Noaki

for CP-PACS Collaboration
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|. Introduction -

e Calculation of K — 7w Decay Amp.
- AI = 1/2 Rule
- Direct CP (e'/€e)

® YPT Reduction [ Bernard et al., 1985 ]

K — wm HME «<— K — 7 HME on the lattice
LOxPT

Requires chiral symmetry on the lattice

® We Use
-Domain-Wall fermion =>Good chiral properties

-RG-improved gluon => Better chiral properties

cf. T. Blum’s talk

e This Talk
- Description of the method

- Details of our quenched numerical simulation
- Results of AT = 1/2 rule and &’ /e
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ll. xPT Reduction

® Effective Hamiltonian (OPE)

Gr

H = TEVaViy & Wil) - Qi)
" local operators : Q; = Q\” + Q¥
f f

AI =1/2, 3/2

® Reduction Formulae (LO)

Q1— Qs, Qo, Q1o

2

Q1) - =10 i ) 0
<7r7r 'Qz(z)lK> = nj%f;nzzi<ﬁ }ng)'I(> +O(m?)

Q?a QS I:——Oaz

(om0 ) = 5l 1) 400
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1. Details of Numerical Simuration

® Simulation Parameters

_ Two lattice sizes 163 x 32, 243 x 32
- Domain-Wall fermion M = 1.8, Ny =16 .
- RG improved gluon B =26, a!=194GeV

= better chiral property than plaquette action
[ CP-PACS Collab., 2000 |

- Independent gauge confs.

# confs. (my = My d,s)

m; 0.02 0.03 0.04 0.05 0.06
163 x 32/407 406 406 432 435
243 % 321432 200 200 200 200

® Contractions

3 d 3 5
a S _ a
K" i nt K : .
K'—r*
u u u
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® Qualities of Data (time dependence)

(= Q" K)
(m | A4 0) (0| A4] K)

= Plateau

ms = 0.03, 163 x 32

250 , , — 250 . . .
Qg)) Q" 16’32 Q,” 24’32
200 F 4 200 -
150 F 1 150 b -
Eos Eon
o
100 | T 00 b 1
50 L 1 L 50 1 L '
0 10 20 30 0 10 20 30
-8 T -8 T T
Q(z) @ 4a3 @ a3
8 Q" 16'x32 Q,",24'x32
-10 + 4 10t .

20

30
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(&

IV. Chiral Properties of K+ — wTHME

@

K+> = ap + aym3; + ax(mi;)?

+ az(m?,)2Inm?2, + as(m3,)° + - --

® Three Types of Fit Function

quadratic

chiral log

cubic

ag + aym}; + az(my,)?
a;m?; + az(mi;)? + as(mi;)’Inm3,

a;mi, + az(mi;)? + as(m?,;)?
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QY

0.1

0.0

163 x 32

243 x 32

&

T Ly T 0.1 T T T
i <r|Q,"|K>, 16°x32 <njQ,"|K>, 24°x32
- 0.0
cubic = cubic
quadratic quadratic
1 -o.1 4

20

10

mM2 [GeV?]
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1 1 1 L 1 1 1 _0'3 A1 1 i 1 1 1 1
© 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08
m,, [GeV’] m,, [GeV’]
) T T T T T T 40 T + T T T L I
. <njQ, K>, 16°x32 <n]Q,"[k=, 24’32
cubic .
4 30 cubic A
quadratic quadratic .
- 20 -
4 10 4
J 0 _/
1] 1 1 - - 1 1 L _10 1 H 1 1 1 1 1
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QY

0.08 L L} T T 7 L} T T 0-08 v T T L) L] 1 1
@) 3

e <jQ,P|K>, 16°x32 ] - <nl@,"'[K>, 24°x32 ]
Luviv ———

0.06 - 4 o006} cubic ]
quadratic quadratic

0.04 0.04 .

0.02 0.02 -

0.00 === 0.00 p—i

-0.02 1 | IO " L ). A 1 .. -0.02 - - -] L .

0 o1 o2 3 04 05 06 07 08 6 01 o2 3 04 05 06 07 O.

163 x 32 - 243 x 32

Reasonable vales of x?/d.o.f.

e Effect of Chiral Log.

Our data (243):
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V. Physical Results

® Procedures

1. Renormalization at ¢* = 1/a
le\/lS(l/a) — Zz,jlatt Q;att

Zatt . perturbation at 1-loop level
[ S. Aoki, lzubuchi, Kuramashi and Taniguchi, 1999 ; 2000 ]

2. RG running to t = m, = 1.3 GeV

QSA_S(mc) — U(mca l/a’)ij Q:I;E(]-/a’)

U(me,1/a) : at NLO with Ny = 3
[ Buras, et al., 1992 ]

3. Chiral extrapolation

O(m3, — 0) : the values in LOXPT
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® Decay Amplitudes

&

Gr 10
_ % i . 0
Aoz = —\/'2"/113‘/;1(1 Z,‘_Ll Wi(p) <7T7'*'(I=0,2) 1Qi(p)| K >
2-5 T T T ] T T T T
ReAz &
[10*8 GeV] Re A, [10”GeV]
20 |
_ m 16°x32
- W 24°x32
. 15 ::,/ < . -~~~ chiral log. 1
consistent / experiment quadratic
with exp. value |
1-0 1 1 1 ] 1 i 1 2
0 01 02 03 04 05 06 07 08
, m,’ [GeV?]
40 T T T T T T T T
R,er Re A, [10°GeV]
experiment eA, e
30 + \ |
m 16°x32
m 24°32
- - -~ chiral log. 1
: quadratic
20 +
=2 50%
of exp. value |
6 1 1 1 L L L L

0.8



o AT =1/2Rule

w™l = ReAy/ReA,; =~ 22

25 T T T T T T T T T ] T H T T
-1 »
w j y
< o =Re A/Re A,
: experiment
20 | -
157 m 16°x32 )
m 24°x32
N -~~~ chiral log.
10 + ———- quadratic g
5 F 4
0 1]

=~ 50% of exp. value at chiral limit
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® Direct CP Vioration
e' /e ~ Im(Vi*Vig)| P2 — PGB/2) |

m,, [GeV’]
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P/2) P3/2)
7 T T T 7 T T
6l P(w_) 6l p(3/2)
m 1632 - - . 4 *
sl m 24°x32 1 sl * ¥ E 3
4t I 4t
3 i % } 3 m16°x32
- 24°x32
2 1 i 2t
1F 1 1+
0 & : : : : 0 : : . : : : :
0 01 02 03 04 05 06 07 08 O 01 02 03 04 05 06 07
m,’ [GeV?] m,’ [GeV?]
_ 4125 — T T ¥
e’ /e [1074] ]
EKTeV, 2001 /e [107]
20 y
15 L E NA48, 2001 i
10 F .
m 16°x32
5L B 24°x32 |
0 - - -
Negative ! ¥ ¥ i ¥ %
-5 r i -
—-10 . 1 : i ) 1 . . . I . 1 A 1 L
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
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VI. Discussion

® Sources of Error ?

O : Chiral properties (DW fermion+ RG-imp. gluon)
Finite size effect (V' = 16° v.s. 243)

A\ : Scaring violation
Perturbative Z-factors

Quenching effect

7 : Higher order effect of xPT
Insufficiency of the xPT reduction

We have to fight them.
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QCDSP/QCDOC: PHYSICS RESULTS AND
PROSPECTS/PROJECT STATUS
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RBRC Lattice QCD

Norman H. Christ

433



RBRC LATTICE QCD

PRESENTATION TO RBRC REVIEW
COMMITTEE

November 30, 2001

Norman H. Christ
Robert Mawhinney

e Status of QCDOC Project

— Hardware (NHC)
— Software (RDM)

e K — 7w (RDM)

e Physics Overview (NHC)
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TECHNOLOGY STRATEGY:
BUILD UPON QCDSP

e Focus maximum computing resources on a
single problem

— 10K processors with fast, low-latency communica-
tions.

— 16° x 32 lattice on a 8K node, 4 Tflops (sustained)

partition (2* local volume).

e Homogeneous/modular approach

— Mesh communications,
no central communications switch.

— Add two extra dimensions for software partition-
ing: 4-D — 6-D
e Target a small, cool processor

— Fastest, hottest processor does not provide opti-
mum cost performance.

— Reduced power comsumption lowers operating costs.

— Cooling, packaging and reliability are essential for

a large machine.
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QCDOC ARCHITECTURE

e IBM-fabricated, single-chip node.

[50 million transistors, 1-2 Watt, ~xlcmx lcm die]

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

— Memory management.

— GNU compiler.

e 4 Mbyte on-chip memory.
e Extra 2.0 Gbyte/node with DIMM card.

e 500 MHz serial communications:
6-D, LVDS, bidirectional.

e 100 Mbit /sec, Fast Ethernet
— JTAG /Ethernet boot hardware.

— Host-node OS communication.
— Disk I/0.
— RISCWatch debugger.
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QCDOC COLLABORATION

Columbia: Norman Christ
Calin Cristian
Zhihua Dong
Changhoan Kim
Ludmilia Levkova
Xiaodong Liao
Guofeng Liu
Robert Mawhinney
Azusa Yamaguchi

IBM.: Dong Chen
Alan Gara

KEK/RBRC: Shigemi Ohta

UKQCD: Peter Bovle
Balint Joo

Yale/RBRC: Tilo Wettig
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{ 4 MBytes of ] 8 Gbyte/sec 1 Gflops 2.6 GByte/sec Interface

Memory/Processor Double Precision
Embedded DRAM Bandwidth to External Memory

RISC Processor

2.6 GByte/sec ,
EDRAM/SDRAM
DMA 4 | SEwicie | (oLt POR SDRAM
\““ ANV L | - , 3
24 Link DMA ) B \ /_)J/_J_ 440 Core | FPU DER SDRAM Ogﬁgjggﬂ L1 1’%c - module ‘i;!
E Communication ; \E‘""—j T e | |
o PLB "
Control J\~ I | I :
24 Off-Node Links| || L oo Wil | R
12 Gbit/sec = I Egﬁtabli
Bandwidth | \JT—— e g erne
\ = [] IBM Library Component Ethemewmg’/é; Interface
= ~ sideband 1 Interface |——MII g
["1 custom Designed Logic \ signals
E - EMAC3 | MII é
T T Z 100 Mbit/sec
PLL Complete Processor Node . e o Fast Ethernet
on a Single QCDOC Chip




ASIC Design Status

o IBM library integration

— People: Tilo Wettig, Changhoan Kim.

— Subsystems: 440 PowerPC+FPU, DDR controller,
DDR memory model, EMAC3, MCMALS, GPIO,
I°C, PLB.

— Status: Essentially finished.
e Serial Communications Unit

— People: Norman Christ, Guofeng Liu, Azusa Ya-
maguchi.

— Status: Most pieces finished, not integrated.

e DMA controller with PLB master

— People: Dave Krolak, Matthew Tubbs, IBM /Rochester.
— Status: Tests beginning.

e Bootable Ethernet /JTAG interface
— People: Dave Hill, Michelle Rouse, IBM /Rochester.

— Status: Passes elaborate simulation.

e PEC and PLB slave

— People: Al Gara, Ben Nathanson, Minhua Lu,
IBM /Watson.

— Status: 500 hours of random simulation.
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ASIC SCHEDULE

e Full analysis net list Sep 24, 2001
e Floor planning net list Dec 1, 2001
e Preliminary net list Jan 2, 2002
e Final net list Mar 1, 2001
¢ Release to manufacturing May 1, 2001

e Prototype chips available Jun 15, 2001

442



PERFORMANCE/COST/SCHEDULE

e We expect to sustain ~ 50% of peak,
even for small volumes/node.

e Cost performance below $1/Mflops:
10x enhancement over QCDSP.

e Schedule (peak speeds):
Prototype hardware 06,/02

UKQCD/Columbia/U.S 12/02
pilot machine (7 Tflops)

RBRC (10 Tflops) 2003
UKQCD in Edinburgh (10 Tflops)
BNL LGT Center (20 Tflops)
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RBRC-BNL-CU (RBC) Collaboration

¢ RIKEN-BNL Research Center:
Visiting Faculty: Shigemi Ohta (KEK)
Fellows: Tom Blum, Chris Dawson

Postdoc: Yasumichi Aoki, Jun-Ichi Noaki, Yukio Nemoto,
Kostas Orginos,

Former Postdoc: Shoichi Sasaki, Matthew Wingate

e BNL:

Faculty: Mike Creutz, Amarjit Soni
Visiting Faculty: Taku Izubuchi (Kanazawa)

Postdoc: Sasa Prelovsek

¢ BNL /Columbia:
Postdoc: Chulwoo Jung (SciDAC)

e Columbia:

Faculty: Norman Christ, Robert Mawhinney
Current Postdoc: Thomas Manke, Azusa Yamaguchi
Former Postdoc: Pavlos Vranas, Tim Klassen,

Gabi Siegert
Student: Calin Cristian, Changhoan Kim,

Xiaodong Liao, Ludmila Levkova, Guofeng Liu

Former Student: P. Chen, G. Fleming, C. Jung,
A. Kaehler, Y. Luo, C. Malureanu, C. Sui, L. Wu,
Y. Zhestkov
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Talks at Lattice 2001

e Weak Matrix Elements

1. Lattice Values for the Low Energy Constants of K — 77w
Matrix Elements, [R. Mawhinney]|

2. ReAj and ReAy from Quenched Lattice QCD, [C. Cristian]
3. ImAy, ImA; and € from Quenched Lattice QCD, [T. Blum]

e Heavy Quarks

1. Relativistic Bottomonium Spectrum from Anisotropic Lattices,

[X. Liao and T. Manke]

e Thermodynamics

1. Study of 3-flavor QCD Finite Temperature Phase Transition
with Staggered Fermions, [X. Liao]
2. Anisotropic Lattices and Dynamical Fermions, [L. Levkova)

3. The QCD Phase Transition with Domain Wall Fermions, [N.
Christ and L. Wu]

e Finite Density

1. Finite Baryon Number Simulations in the Static Limit, [A.
Yamaguchi
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o DWF Properties

1. Improving Full QCD Calculation using Domain-Wall Fermions,
[T. Izubuchi and C. Dawson]

2. Localisation of Chirality for Domain Wall Fermion eigenvec-
tors, [C. Dawson]

3. Low-lying Dirac Eigenmodes from Domain Wall Fermions, |G.
Liu]
4. Chiral Properties of Domain Wall Fermions with improved
~ gauge actions, [K. Orginos]

o Quenched DWF Hadronic Properties‘

1. Hadron spectrum for quenched domain-wall fermions with DBW2
gauge action, [Y. Aoki]

2. Nucleon axial charge from quenched lattice QCD with domain
wall fermions and improved gauge action, [S. Sasaki]

o The QCDOC Machine

1. The QCDOC Project, [T. Wettig]
2. Summary of QCDOC, [N. Christ]

e Plenary Discussion

1. Dynamical Fermion Simulations, [N. Christ]
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PHYSICS OVERVIEW

e Improve DWF method (quenched) [Y. Aoki,
K. Orginos|
— DBW2 action reduces m,; 100 X
— Collecting a7 ! = 1.3 GeV and 2.0 GeV lattices.

e Exploit DWF for new physics (quenched)

— Install QCDSP disks and standardize propagator
storage. [G. Liu]

— Nucleon axial current matrix elements. [T. Blum,
S. Ohta, S. Sasaki]

— Nucleon structure functions. [K. Orginos]

— Proton decay matrix elements. [Y. Aoki]

— Mass of the n'. [T. Izubuchi]

e Extend anisotropic technique to QCD
Thermodynamics. [L. Levkova, T. Manke]

e Enhance K — 7w calculation

— Include charm quark in simulation. [T. Blum,
C. Calin, N. Christ, R. Mawhinney, A. Soni]

— Explore direct w7 final state simulation. [T. Blum,
N. Christ, C. Kim, A. Soni]

— Explore full QCD simulation. [Next slide]
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L, dependence of m, for various actions

1072 —
S 1070 —3
Y = .
g N i

107% —

10_5 ] ] I 1 I 1 1 | I i

10 20
LE’

Yellow: Wilson action. Blue: Iwasaki action.
Red: DBW2. Burst: Symanzik.
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s-dependence of low-lying Dirac

my=0.1
(% 250 MeV)

mys=0.2
~ 500 MeV)
mys=10.3

(~ 750 MeV)

for heavy quarks

eigenmodes
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Dynamical DWF Simulations?

e Improve HMC algorithm
— Explore small L, guide Hamiltonian.
[C. Dawson, R. Mawhinney]

— Coherent fermion and Pauli-Villars force
term. [C. Dawson]

o Add det(Dw.up + Ms + iv°¢) to suppress zero-
crossings. [T. Izubuchi]

e Develop Iwasaki/DBW2 variant for full QCD
[C. Dawson, T. Izubuchi]

— Use Schwinger-Dyson conditions to
determine equivalent gauge action.

—Use a7 ! =20, aT ~ 200MeV, 8 x 16 x 8
lattice and m_screen for numerical tests.
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Kaon Matrix Elements and CP Violation from
Quenched Lattice QCD

Robert D. Mawhinney
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Kaon Matrix Elements and CP violation
from Quenched Lattice QCD

RBC Collaboration

T. Blum?, P. Chen®, N. Christ?, C. Cristian?®,
C. Dawson®, G. Fleming®, R. Mawhinney®, S. Ohta®?,
G. Siegert®, A. Soni®, P. Vranas®, M. Wingate?,
L. Wul, Y. Zhestkov?

“RIKEN-BNL Research Center
[‘"Physics Department, Columbia University
“Physics Department, BNL
dInstitute for Particle and Nuclear Studies, KEK
“IBM Research, Yorktown Heights. New York

RBRC Review
November 30, 2001

11.30.01-1
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Software Projects

Software system  People Projects

QCDSP OS 2 Parallel disk system

QCDSP CPS 15 Anisotropy, improved actions,
more matrix elements,

improved evolution alg.

QRCDOC 0OS 5 Boot and Run Kernels
Host-side OS

Disks, queueing system

QCDOC CPS 7 Portability
SciDAC standard
QCDOC ASIC 7 High performance kernels

Design verification

Many personnel are involved in more than one software
project.

CPS5S is the Columbia Physics System

11.30.01-2
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K° - K° CP Violation Experiments

Two parameters:

~

= CP violation from mixing

¢ CP violation from decays

Two amplitudes:

A f ?;"VQ Lo T e T
, . ‘;Q\iki —7 T S E’
- A(KY — 7r7—) |
- _&.AS i J j
A(KY — 7070) o
100 = U_(I’g — 707N e

noo/ni—|? ~1—6Re(c/:)~1—6¢/-

11.30.01-3
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CP Violation in the Standard Model

quark electroweak eigenstates % quark mass eigenstates

QCD:  myuu +mgdd +mess + - -

Weak: d = Viygd+ V,s8+ Vb

d’ d
U B U -
““ ““

W | W

Cabbibo-Kobayashi-Maskawa (CKM) matrix relates
these eigenstates

Vud Vus Vub 1 — )\2/2 A 14)\3 (X)
ed Ves Voo | = XA 1-=X%/2 AN
Via Vis Vi AN (1 —X) —AN? 1

A=sinfs =0.2237, X = p+1in, A, p,n real.

One real parameter (n) in CKM matrix controls CP

violation in the standard model.
11.30.01-4
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Unitarity Triangle

CKM mizing matric

Particle Data Group, C. Casoet. al.

0.010

0.005

l S 12Vcb| I
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Definitions of Experimental Quantities

e Need A — 77 matrix elements of CP-violating

operators which produce decays.

e Scale of physics in K — 77 system is ~ 500 MeV.
o Defining A(K® — 77(I)) = A7e(*1) gives
L ;’;5).5(:52_50) (R6A2 N i{/ﬁg‘rfﬁ f’g B ? m AO\
v’/:j N Re :é@) \DL ﬁiz He S%_ /'
o There is the Al = 1/2 rule
Re A
w = 0 ~ 29
Re Az
e We also define
P, = lij’m As P, = Tul a{}
Re A, Re Ag

11.30.01-6

458




From the SM to the Lattice

Continuum Lattice
[EW
Y
Zz' Cz(MW) Oi
. Y
> . Ci(p,my,...) Oy

Y

(@) 0il g(P))sxee =" Zij lalp) OF  a(p)) pr=—p

(]| O;| K) = Zij (mm OFF
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K — 7 in 3-flavor Effective Theory

e Hamiltonian for 3-flavor Effective Theory

10

G
(AS=1) _ TF * _ T .
oy 5 VuaVi ;[Zz(ﬂ)+ vi(1)] Qs

e Ten four-quark operators {J;, only 7 independent
SU(3)r x SU(3)g irrep. | Number | Isospin
(27,1) 1 1=1/2,3/2
(8,1) 4 1=1/2
(8,8) 2 I=1/2, 3/2

o K — T from lattice calculations and chiral

perturbation theory

Irrep. KT — gt K = nrn™
(27.1) _4?2?\4 L2 ——%m%@ LT
(8.8) . % L {08 _ %g e
(8,1) 47}7,;\4 <Q __ i * ‘;:) % m%{ . V

Y

4 - , - . C T LA
® (81) requires deﬁefl’}llfﬂlﬂg Lo ff@ﬁl K — Xi})
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19Y

6-T00€' 1T

Master Formula for K — 7 Matrix Elements

i 28_: [ zi (1)

1=1 j=1

j#4




Residual Mass for 5 = 6.0

T3

For 4 = 6.0 with Wilson gauge action, myes = 0.00124.

Plotted versus L, in MS scheme at = 2 GeV, using
NPR determined Z,.

14.0

— — — exponential: ;{Z/dof(3)=32
I .. 2, ¢ ¢ ,
---- exponeniial + constant: y /dof(2)=4.1

120 1 double exponential: ¥ /dof(1)=0.1

10.0 H\ .

8.0 - \ |

m,,, (MeV)

40 - g 1,,/m =0.033(3) ]

2.0 -

0.0
10
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Symmetry Breaking per Eigenvalue, om;

Connect eigenvalues Az ; of hermitian DWE operator
to 4-dimensional eigenvalue A; and symmetry breaking

for this eigenvalue, 0m; through

A2 — & i LA 2
Az =m0z ,(A +{mys +0my)7) -
80 T T —r T l T
60 —
g
& 40 ]
>
=
20 —
0 ! Coledne o oo 1m0 na
0 0.005 0.01 0.015 0.02

dm

RBC Collaboration, hep-lat/0007038
11.30.01-11
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Density of Eigenvalues from DWF

Determine p(\) for eigenvalues A of D). from 8 = 6.0
with Wilson gauge action, 16* x 16 lattices.

’

Red line is p(0) from —(¥).

Blue line is minimum over lattices of largest A per

[} I l j T T T
60 —
= 40 - —
ob]
e
£
e}
= L -
20 H H_ﬂ_r' n
N i I |
: fﬂj U v UL,
0 . | . | . L .
0 0.02 0.04 0.06 0.08 0.1

Guofeng Liu, Lattice 2001
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Renormalization of Quark Mass

Tr(S™) ; Beta=6.0 Ns=16

1.2 T ] T T
®
1+ m=0.00 —— f G
M=0.02 -~ - . :
m=0.03 :--% a® = 4
m=0.04 :-2 B == X
PSR I el kS b
0.8 F T=oes . g 2= .
K=0.1310 - g =3
%=0.1320 -4 - N Y g%
06 | ¥=0.1333 --a- LT IR E -
= I k=0.1342 +—s— ¥ 53 #
0 i sz #% ¥
i? Ay 9
TR
" B L
0.4 - = a8 g 4
s® a3 i;
» L L gﬁ ]i g*‘
L opl g g8
x & % iﬁ
02 ¢ &E 4
ui -
£2 M WM We e IDooo T - - .
= G2 MMM Wm omy BN OMM WM % WME ¥ W
o __.,..-.____4_,,_2..u.-?.é.....Eé,..,_,.ni_, 1 _gg_.w...fgé.mg‘a BE @ g et e e b
0.2 1 ! . 1 1
0 0.5 1 1.5 2 2.5
2
(ap)

Chris Dawson, Lattice 1999
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Operator Mixing for AS = 2

Calculate mixing between

Ovviaa = $uY5d 57, v5d + 57,d Syud

and Ovv_a4, Oss—pp, Ossypp and Orr.

C. Dawson et al (RBC Collab.) Z,,/Z% Beta=6.0; Ns=16; Configs=52
T T T ;
1 B -
zz IF EE =z FF  E=® =% == == s 23 = = =
T =
71
0.8 l I e |
LLAR =X
LL/(S-P) :--%---
0.6 : T . |
04 - 1
02 1
= Ea
0} 4EORT D TA WE BROLS Im omam oIZmoo3xm oomo e o
Tox% &7 =
-0.2 : i- 1 ! i 1
0.5 1 ) 1.5 2 o5
(ap)

Chris Dawson, Lattice 1999
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Comparing By

Current RBC result using NPR and DWF.
a~! = 1.922(40) GeV, from m,. 16% x 32 x 16 lattice,

Wilson gauge action.

Byei2 GeV) = 0.513(11)

CP-PACS (hep-lat/0105020) result using perturbative
matching and DWF. ¢=! = 1.875(56) GeV, from m,,.
162 x 40 x 16 lattice, RG-improved gauge action.

Using two scales, CP-PACS also quotes a result in the
a — 0 limit of 0.5746(61)(191). where the errors are
(statistical) and (scaling).

11.30.01-15

467



Scaling for By

0.9 o l * 1 T
.0 KS (non-invariant)
-0 KS (invariant) ©
m DWF ©
0.8 - ;
X L
o 0.7
|
0.6 -
I
05 I L i . 1 . ] . 1 . ! .
-0.2 0.0 0.2 0.4 0.6 0.8 1.0
m,a

Figure from CP-PACS collaboration, hep-lat/0105020
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Determining the Subtraction

Divergent part of K — |0) graph should have the same

non-linearities as svysd

(0]Q; 1a4) K°)
(0}(575d )12t | KO)

:770,i+771,i(m;~m£i){1+...}

O 1 T T T T
A o m=0.02
2002~ 0 m=0.03 7
= | <& m=0.04 1
5 A m=0.05
=)
v-0.04 — =
A
OE ] i
o
©-0.06 — —
v
-0.08 I [ ! I ! l I l I
0 0.01 0.02 0.03 0.04 0.05
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Zero Modes and Chiral Logs in Operator
Subtraction

Divergent part of 4-quark operator should have the
same non-linearities as sd

(wF1QULDIKT) + us(ms + ma) (| (3d)1as| K )

04 T l T T T T T * T T T
i O <nIQJK™> _
O <n+|Q6lk+>sub @
03— ' _ ]
O 2mn J<nlsd K>
L ! @ i
02 ! _
i
o1 S -
S
I | 1 l ! [ L [ 1 I [} ' 1

-0.01 0 0.01 0.02 0.03 0.04 0.05

me
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Subtracted ()6 Matrix Element

Because of correlated fluctuations in (77 !Qg K ™) and

(7% |53d]KT) subtracted operator still has small errors.

Upper points use (mg + my) in subtraction.

Lower points use (mg + mg + 2myes) in subtraction.

Neither vanish at ms = 0. but slope is all we need.
Subtraction of O(myes) makes matrix element vanish at
myg = 0.

~0.015 % —

! I ! I ! l ! | | I !
~-0.02
0 0 0.01 0.02 0.03 0.04 0.05 0.06

me
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Results for Real A,

Lattice determination from K+ — 77

1. Uses known chiral logarithm in quenched theory

2. Fit gives

0.003
0.0025

0.002

(3/2)

Q 0.0015
2
0.001

0.0005

11.30.01-20

6mM In

(4 f)?

d “me
my,; terms

1 - (mar/A%)

fit
- quadratic term

quenched chiral log term
- conventional chiral log term
linear term

O 0.01 0.02 0.03

1

0.04 0.05
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Physical result
1. 0-loop chiral extrap. in quenched continuum QCD

2. 1-loop chiral extrap. in full continuum QCD

3m? |
1— —E In(m2 /A?
2e-08 T T T T T I
1.5e-08 — A _
% 1e-08 — / —
<
& : 1
5e-09 —

73— 1loop %PT full QCD

&—4> 0loop ¥PT quench QCD
B , A physical amplitude -

l . I ! | !
0 0.2 0.4 0.6 0.8 1
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Results for Real Ay

Lattice determination from KT — 7T involves
subtraction of power divergent contribution.

Chiral logarithm in quenched theory unknown

0.003

0.0025
0.002

Q2 0.0015
0.001

0.0005 —

0 0.01 0.02 0.03 0.04 0.05
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Physical result
1. 0-loop chiral extrap. in quenched continuum QCD

2. 1-loop chiral extrap. in full continuum QCD

97Tm?
1— Kzln(m%(/Az)
27(4n f)
4e-07 T T T T T T
R . |
3e-07 - PN _
;. B -
S )
= 2607+ o |
< /
)
m I —
le-07 — _
(3—5 1loop xPT full QCD
>—<> 0 loop xPT quench QCD
B A physical amplitude -
/ .
O } I 1 l 1 I ] l | l - i
0 0.2 0.4 0.6 0.8 1
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Results for (Real Ay/ Real A,)

Physical result
1. 0O-loop chiral extrap. in quenched continuum QCD

2. 1-loop chiral extrap. in full continuum QCD

30 1 I t | I 1
T
-
25 ////"? ~
<
) - '
~
<C
O
(22
20 — —
| 56 1loop %PT full QCD
= [3—£] 0 loop xPT quench QCD ~
A experiment
15 ] l ! | 1 l ! | L | L
0 0.2 0.4 0.6 0.8 1
g
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Results for € /e

Physical result:
1. 0-loop chiral extrap. in quenched continuum QCD

2. 1-loop chiral extrap. in full continuum QCD

20 1 ] ] T { § 1
-
=
DI-‘O
D-‘(‘l
\./C-‘ p
% y
T, 40~ /// ]
38 N /,.f,/
l= r 77 il
60 = /f (23— 1 loop ¥PT full QCD _
H &-~&> 0 loop xPT quench QCD
i €@—& physical value |
_80 ! I ] l I | : l ! l !
0 0.2 0.4 0.6 0.8 1
i
11.30.01-25

477



P, and —Pg, contributions to €' /¢

ImA2

RGAQ
Il’IlA()

Rer

F
I

s
[

- B ol e e g I L g man g g L
® - ST T S oS S LT S D OO N
—— . - . PR VT e > LOVLRY s ——- P . T ey —— s Nl e e — — . v v e 7 VAESR SR N W)

Py hn) - P

e Fy constant for £ ~> 0.4.

e Almost complete cancellation for physical masses.

20 I l I §
$

Sz : GO total
~ ==—1=2

60 — | &-OI=0 _
| ¢—¢ physical value

N 1 , |
-80
0 0.5 1
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Individual Operator Contributions to €' /e
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1 dependence of w and € /¢

Plot variation of physical results with p, the scale where
matching between the continuum and lattice is done.

1/w and € /e

35 T T ] 1 l T
30 —

25— é

20 — —

l/w
F——
-
e
I I

(€ /e) * 10
o h o
| T
]
=
e |
—E—
l L

—
Wn
f—

1.5 2 2.5 3 3.5
1 (GeV)
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6¢-10°0€° 11

Comparison with Experimental Results

This calculation
Quantity Experiment (statistical errors only)
Re Ag(GeV) | 333 x107' 2.96(17) x10~'
Re A5(GeV) | 1.50 x107° 1.172(53)x107®
W 22.2 25.3(18)
e (¢'/e) 15.3(26) x10™* (NA48) —4.0(23) x107*
20.7(28)x10™* (KTev)

Chven Lhe poneral agrcoment with the experimental values for real

£

1

B snplitudes and the velatively small statistionl crvor on /o, the
dilteronce hetween the corvent, calenlation Tor ¢ /¢ and experiment is
stprising. Most of the a..ppmxiimiz.tifms in the current calculation could
individually produce ~ 25% changes in the individual /K->
amplitudes. Cranalatively, these could markedly alter € /e, but there is
currently no identified single approximation that could easily explain the

UISCICDANCY.



Conclusions

e We have calculated K — 77 matrix elements using
— Chiral perturbation theory
— Quenched QCD
— Domain wall fermions
— Non-perturbative renormalization
— Single lattice spacing

e Within these approximations, we have encountered
no technical barriers.

e Lattice matrix elements + NPR 4 Wilson
coefficients 4+ standard model parameters yield
physical results

— Real amplitudes in general agreement with

experiment

— Re(Ap) showing large enhancement from matrix
element.

— Large cancellation between I = 0 and [ = 2
contributions to €' /e

e Consistency of these approximations with the

physical world is unknown.
11.30.01-30 "
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Progress Report and Project Proposal

Steffen A. Bass
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1 Progress Report and Project Proposal for Stef-
fen A. Bass: ‘

Project for 2001: Probing the QGP equation of state with
two-particle interferometry

Bose-Einstein correlations in multiparticle production processes [1] provide valu-
able information on the space-time dynamics of fundamental interactions [2]. In
particular, lattice QCD calculations predict the occurrence of a phase transi-
tion at high temperature. A first order phase transition leads to a prolonged
hadronization time as compared to a cross-over or ideal hadron gas with no
phase transition, and has been related to unusually large Hanbury-Brown-Twiss
(HBT) radii [3]. The phase of coexisting hadrons and QGP reduces the “explo-
sivity” of the high-density matter before hadronization, extending the emission
duration of pions [3]. This phenomenon should then depend on the hadroniza-
tion (critical) temperature T, and the latent heat of the transition.

In our study, we have calculated the Gaussian radius parameters of the pion-
emitting source in high energy heavy ion collisions [4], assuming a first order
phase transition from a thermalized Quark-Gluon-Plasma (QGP) to a gas of
hadrons. Our calculations have been performed in the framework of a hybrid
macro,/micro transport approach, utilizing hydrodynamics for the early, dense,
QGP phase of the reaction and microscopic transport theory for the later, dilute,
hadronic reaction phase [5]. Such a model leads to a very long-lived dissipative
hadronic rescattering phase which dominates the properties of the two-pion
correlation functions. Figure 1 shows that if the dissipative hadronic phase
is taken into account, the radii as well as the R,y:/Rside Tatio are found to
depend only weakly on the thermalization time 7;, the critical temperature 7,
(and thus the latent heat), and the specific entropy of the QGP. The dissipative
hadronic stage enforces large variations of the pion emission times around the
mean. Therefore, the model calculations suggest a rapid increase of Rout/Rside
as a function of K if a thermalized QGP were formed.

Extending our analysis from pions to kaons ¢ we find that the kaon radii as
well depend only weakly on the thermalization time 7;, the critical temperature
T. (and thus the latent heat), and the specific entropy of the QGP. However,
kaons are less distorted by decays of (long-living) resonances. The predicted
increase in the Royt/Rsige ratio with K is rather moderate compared to pions.

At high transverse momenta K1 ~ 1 GeV/c, however, direct emission from
the phase boundary becomes important (approx. 30% of the kaons are then
emitted directly from the phase-boundary). The emission duration signal, i.e.,
the Rout/Rsige ratio, and its sensitivity to T, (and thus to the latent heat of
the phase transition) are enlarged (see figure 2). Moreover, the QGP+hadronic
rescattering transport model calculations do not yield unusual large radii (3 <
R; < 9fm). Finite momentum resolution effects have a strong impact on the
extracted HBT parameters (R; and A) as well as on the ratio Rout/ Rside-
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Figure 1: Left: Rous/Rsige for pions at RHIC initial conditions, as a function of
K7 at freeze-out (symbols) and at hadronization (lines). Right: Royt/Rside for
kaons at RHIC (full symbols) and at SPS (open symbols), as a function of K+
for critical temperatures T, ~ 160 MeV and T, ~ 200 MeV, respectively. The
lines are to guide the eye.

1.1 Proposed Project for 2002:

The Parton Cascade Model (PCM) [7] was developed to explore the reaction
dynamics of deconfined colored quanta in relativistic heavy-ion collisions. Over
the past half year, we have undertaken a thorough revision of the original PCM
implementation (the VNI code). Although the new revision is not yet quite
complete, we anticipate that it will be available to us for applications to nucleus-
nucleus calculations in the RHIC energy domain in the very near future: The
following topics will constitute our main areas of research:

1.1.1 Thermal and chemical parton equilibration

What are the time-scales for thermal and chemical parton equilibration? Does
the PCM dynamics actually predict the creation of a thermalized system of
quarks and gluons? To what extent does the full transport QCD theory confirm
the notion of a “bottom-up thermalization” of the quark-gluon plasma [8]? Can
flavor saturation actually be achieved during the life-time of the partonic phase
[9]? A number of calculations performed in the past (utilizing hydrodynamics as
well as an early version of the PCM model [10]) indicated thermal equilibration,
but incomplete strangeness saturation. In view of importance of these issues
for the interpretation of the emerging RHIC data we intend to tackle these
questions by means of a state-of-the-art calculation.

1.1.2 Parton energy loss: Confined vs. deconfined matter

Jet-quenching, i.e. a suppression in the high-p; component of hadronic mo-
mentum spectra due to the energy loss of a partonic jet traversing a zone of
deconfined matter, has been suggested as a QGP signature and as a tool for
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probing the properties of deconfined matter [11]. However, certain ambiguities
remain - namely whether the energy loss is dominated by the partonic phase
or whether interactions among formed hadrons in the later reaction stages may
contribute significantly to a suppression of the high momentum component of
the spectra [12]. The PCM approach, coupled with a hadronic model of the
final state transport such as UrQMD [13] takes both effects into account and
is thus well suited to determine the relative weights of partonic and hadronic
mechanisms of jet energy loss.

1.1.3 Event-by-event fluctuations: Effects of hadronization and final
state interaction

The size of the average fluctuations of net baryon number and electric charge
in a finite volume of hadronic matter differs widely between the confined and
deconfined phases. These differences have been suggested as indicators of the
formation of a quark-gluon plasma in relativistic heavy-ion collisions, based on
the assumption that fluctuations created in the initial state survive until freeze-
out due to the rapid expansion of the hot fireball [14]. Although some studies of
hadronic final-state effects on these fluctuations by means of microscopic trans-
port models have been made [15], these calculations have not used dynamical
models of the full time-evolution of a relativistic heavy-ion collision. We will use
the PCM, coupled with a cluster hadronization algoritlim and a hadronic final
state transport model, to explore how fluctuations develop in the deconfined
phase and to probe whether these fluctuations actually survive hadronization
and subsequent final state interactions.

1.1.4 Elliptic and radial flow

Collective flow is a prime observable sensitive to the pressure present within the
dense matter that is created in a relativistic heavy ion collision. Elliptic flow
has been suggested as a probe for the buildup of pressure in the early reaction
stage [16]. Radial flow, on the other hand, is expected to receive contributions
from both, early and late, reaction stages [17]. First RHIC data shows strikingly
large values for both types of collective flow — compatible with hydrodynamic
calculations. The question is whether a microscopic approach such as the PCM
is able to create as much pressure and flow as is observed at RHIC. Coupled with
a cluster hadronization algorithm and a hadronic final state transport model
the PCM can be used to perform a detailed study on the different time scales
associated with elliptic and radial flow. The flavor dependence of collective flow
is another topic which is difficult to address in a hydrodynamical calculation,
but which can be easily investigated in the framework of a microscopic transport
theory.

1.1.5 Dileptons and photons as probes of deconfinement

Dileptons and direct photons can carry information on the thermodynamic state
of the deconfined medium at the moment of production — since they interact
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only electromagnetically they can leave the hot and dense reaction zone basically
undistorted.

The most prominent process for the creation of direct (thermal) photons in
a QGP are q§ — g (annihilation) and gg — ~yg (Compton scattering). The
production rate and the momentum distribution of the photons depend on the
momentum distributions of quarks, anti-quarks and gluons in the plasma. In-
frared singularities occurring in perturbation theory are softened by screening
effects [18]. If the plasma is in thermodynamic equilibrium, the photons may
carry information on this thermodynamic state at the moment of their produc-
tion [19]. If a very hot plasma is formed (e.g. at RHIC or LHC energies) a clear
photon signal might be visible at transverse momenta in the range between 2
and 5 GeV/c [20]. The lower p; range (1-2 GeV/c) is dominated by the mixed
phase; separated contributions of the different phases are difficult to see due to
transverse flow effects [21].

Analogously to the formation of a real photon via a quark - anti-quark anni-
hilation, a virtual photon may be created in the same fashion which subsequently
decays into a [T1~ pair (a dilepton). Also bremsstrahlung of quarks scattering
off gluons can convert into dileptons.

The parton cascade model is ideally suited to predict the production rates
and spectra of photons and dileptons without any assumptions on equilibrium
conditions (which are present in hydrodynamical calculations). These rates as
well as the resulting dilepton and photon spectra will then be compared to
those stemming from hydrodynamical calculations in order to estimate non-
equilibrium contributions from the early reaction phase.
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Progress Report for Alexander Kusenko

Over the last year Kusenko performed research in elementary particle physics and astro-
physics. He presented his results in several scientific publications, as well as invited talks at
international conferences, departmental colloquia (UCSD, U. Washington), and seminars.

0.1 Non-topological solitons (NTS) as candidates for dark matter

In arecent paper [Phys. Rev. Lett. 87, 141301, 2001}, Kusenko and P. Steinhardt of Princeton
University explored the possibility that dark matter is in the form of NTS and has strong
self-interactions. Interactions between dark-matter particles could resolve the discrepancy
between some recent observations and the predictions of cold dark matter (CDM) models.
For example, CDM without a significant self-interaction would yield galactic halos with cuspy
profiles and much more structure on small scales than what is observed.

The cross section of self-interaction that could resolve the discrepancies must be large. The
requisite ratio of the cross section to mass is required to be as high as o/m ~ 10~**cm?GeV ™.
It can be easily shown that, based on unitarity alone, particle candidates cannot satisfy this
crierion unless they have masses of a few GeV or lower. However, unitarity does not prevent
NTS form having a large enough cross section. This makes NTS an interesting candidate for
dark matter, as Kusenko and Steinhardt have pointed out.

0.2 Ultrahigh-energy cosmic rays and neutrinos
0.2.1 Cross section measurements at 10! GeV

Future detectors of ultrahigh-energy cosmic rays (UHECR) expect to detect ultrahigh-energy
neutrinos from (1) interactions of cosmic rays with the background photons, (2) astrophysical
sources, e.g., active galactic nuclei, (3) hypothetical sources invoked to explain UHECR. The
detection strategy relies on the knowledge of neutrino-nucleon cross section at energies far
beyond those accessible in experiment. These cross sections have been calculated based on a
plausible extrapolation of parton distribution functions and the Standard Model parameters
to energies of 10" GeV (y/s ~ 108GeV). While this is a sensible approach, there remains an
uncertainty in the magnitude of the cross section. A lower-than-expected cross section could
stymie the detection of neutrinos via horizontal air showers.

Kusenko and Tom Weiler (Vanderbilt University), in a paper [hep-ph/0106071] submitted
to Phys. Rev. Lett., pointed out that, fortunately, the planned experiments can adopt a new
strategy that will make them less vulnerable to the uncertainties in the neutrino-nucleon cross
section. If the cross secion is smalled than was previously thought, the rate of horizontal air
showers diminishes. However, at the same time, the Earth becomes more transparent to high-
energy neutrinos. UHE neutrinos can go through the Earth and produce a charged lepton
below the Earth’s surfece. The lepton can then originate an up-going air shower wich can be
detected by Pierre Auger, EUSO, or OWL. While the rate of horizontal air showers (HAS)
due to neutrino interactions in the atmosphere is proportional to o, 5, the rate of up-going
air showers (UAS) is inversely proportional to o,5. Thus, the total rate remains unchanged,
fortunately for the future experiments.
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In addition, by comparing the HAS and UAS rates, one can measure the neutrino-nucleon
cross section at the unprecedented energies of 10!* GeV or higher. Furthermore, the angular
distribution of UAS depends on the cross section and can also be used for measuring o,n.

0.2.2 Sources of ultrahigh-energy cosmic rays

Together with a UCLA student Marieke Postma, Kusenko described a signature in the neu-
trino spectrum that could indicate the presence of sources of UHE photons at high red shift
[Phys.Rev.Lett. 86, 1430 (2001)].

If decays of superheavy relic particles in the galactic halo are responsible for ultrahigh-
energy cosmic rays, these particles must be clustered to account for small-scale anisotropy in
the AGASA data. Kusenko and Kuzmin (INR, Moscow) showed in a recent paper [JETP Lett.
73 (2001) 443] that the masses of such clusters are large enough for them to gravitationally
lens stars and galaxies in the background. They proposed a general strategy that can be used
to detect such clusters via gravitational lensing, or to rule out the hypothesis of decaying relic
particles as the origin of highest-energy cosmic rays.

0.2.3 Neutrino production in the background with time-dependent density

Kusenko and Postma have studies the conceptually interesting phenomenon of neutrino pro-
ductin in matter with time-dependent density [hep-ph/0107253]. Both the ordinary matter
and the nuclear matter of neuron stars have a net isospin. As a result, neutrinos can be
produced through standard electroweak interactions if the matter density changes with time.

0.3 Baryogenesis in the wake of inflation

It is well known that the usual “thermal” electroweak baryogenesis in the Standard Model
cannot account for the observed baryon asymmetry of the Universe. This is probably the
strongest evidence so far for physics beyond the Standard Model.

One of the conditions for a successful baryogenesis, the departure from thermal equi-
librium, is naturally achieved at the stage of preheating after inflation. J. Garcia-Bellido,
D. Grigoriev, M. Shaposhnikov, and Kusenko [Phys. Rev. D59, 123001 (1999)] showed that
the baryon asymmetry of the Universe could be generated through the electroweak sphalerons
in this highly non-equilibrium state even if the reheating temperature is too low for the elec-
troweak symmetry to be restored.

In a recent paper [hep-ph/0106127, Phys. Rev. D, in press], Grigoriev, Cornwall, and
Kusenko showed that the necessary CP violation can be supplied by the time-dependent
background solutions during preheating.
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1 Hadronic Matter at high baryon density

At very high baryon density we expect that attractive interations between quarks lead to color
superconductivity. Estimates suggest that the corresponding gaps are quite substantial, on
the order of A =100 MeV. Current work focuses on the phase structure in the realistic case
of unequal masses and non-zero electron chemical potential, the application of effective field
theory techniques at high baryon density, and implications for neuron star interiors.

Phase Structure at finite strange quark mass and elec-
tron chemical potential

Early work on color superconductivity in QCD focused mostly on idealized worlds with
N; flavors of massless quarks and no external fields. But in order to understand the matter
at the core of real neutron stars the effects of non-zero masses and electron chemical potential
clearly have to be taken into account. Schiafer and Wilczeck (IAS, Princeton) [3], as well as
Alford, Berges and Rajagopal [4], realized that there is a first order phase transition at a
critical strange quark mass m, ~ /prA which separates the three flavor color-flavor locked
phase (CFL) from the two flavor color superconducting phase (2SC). Bedaque (LBL) and
Schifer analyzed the situation in more detail [5, 6]. They were interested, in particular, in
the structure of the CFL phase for values of the strange quark mass and electron chemical
potential that are smaller than the critical values for the transition to a 25C phase. They
argue that in this regime the system responds by forming Bose condensates of pions or kaons.
The critical y, and m2/(2pr) are on the order of \/7,m,(A/pr), which is much smaller than
the gap.

Spectrum of Excitations in the Kaon Condensed Phase

Schifer, Son (Columbia), Stephanov (UIC), Toublan (UIUC), and Verbaarschot analyzed
the spectrum in the kaon condensed phase. Kaon condensation provides an unusual realiza-
tion of Goldstone’s theorem. The symmetry breaking patter is SU(2); x U(1)y — U(1)g-
Both isospin and hypercharge are broken, the only unbroken symmetry corresponds to elec-
tric charge. This means that there are three broken generators. On the other hand, we find
only two Goldstone bosons, the K° and the K*. This result is consistent with Goldstone’s
theorem in the case of broken Lorentz symmetry [7]. The discrepancy between the number
of broken generators and the number of Goldstone bosons is related to the fact that the K°
is a2 normal Goldstone mode with w ~ p whereas the K™ is an anomalous Goldstone boson
with dispersion relation w ~ p?.

High density effective theory

At very high baryon density the ground state and the spectrum of excitations of baryonic
matter can be studied in perturbative QCD. However, these calculations require resummation
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and the structure of the perturbative expansion is far from obvious. The calculations can be
vastly simplified by using a hirarchy of effective theories. In [8] we study the structure of the
expansion in the quark mass. This problem is relevant to the determination of the Goldstone
boson masses and the structure of the effective potential for the order parameter.

2 Nonperturbative QCD

Lattice simulations continue to provide strong support for the instanton liquid picture of
chiral symmetry breaking and the structure of light hadrons.

Analysis of tau lepton decay data

Schéfer and Shuryak analyzed the vector and axial-vector meson spectral functions ob-
tained by the ALEPH collaboration at CERN and studied implications for non-perturbative
QCD [9]. They compared these results to predictions from the instanton model and from
the operator product expansion (OPE). Schifer and Shuryak observe that the correlation
functions are best analyzed by focusing on the linear combinations vector (V) =+ axial-vector
(A). The difference V' — A is sensitive to chiral symmetry breaking and described perfectly
by the instanton liquid at all distances. The OPE, on the other hand, only describes the
data for distances less than 0.3 fm. The sum V + A is sensitive to perturbative effects at
small and intermediate distances and there is a (10-20)% discrepancy as compared to the
instanton model. The OPE describes the data at short distance but the theoretical predic-
tion is dominated by perturbative effects, and there is no evidence that the gluon condensate
can be extracted from the data. Schéifer and Shuryak also emphasize that one can combine
the instanton prediction with the data in the V + A channel in order to obtain an improved
estimate of higher order perturbative effects. This allows us to observe the evolution of o
out to distances much larger than otherwise available.
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Quark Stars: use perturbative QCD to second order in as to de-
scribe the high density quark equation of state

solution of the TOV equations generates small and dense quark
stars with radii R ~ 6 km and maximum masses of M ~ 1M

matching to low-density hadronic equation of state generates a

new family of compact stars (quark stars) besides neutron stars
and white dwarfs

mass-radius relation is compatible with a recent (first) determina-
tion of the mass and radius of an isolated neutron star
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e Scaling at RHIC: color glass condensate (CGC) predicts scaling re-
lations for the initial state in ultrarelativistic heavy-ion collisions

e similar scaling relations seems to be preserved during the evolu-
tion and the deconfinement transition and show up in the hadron

spectra
— generalized m; scaling: hadrons of different flavor are follow-
ing one universal curve in my
— m; spectra of different centralities can be rescaled into each
other

— the rescaling parameters (transverse area and the saturation
momentum) follow the centrality dependence as expected

from a CGC
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Abstract

I review some of past year’s developments in the formulation of the nuclear
effective field theories (EFTs) of QCD, and discuss future directions of this research.

1 Recent developments

For the last few years Effective Field Theory (EFT) has emerged as a useful framework
in which to describe nucleon dynamics consistently with QCD. The most general La-
grangian involving low-energy degrees of freedom (such as low-momentum nucleons) and
the symmetries of QCD (in particular, chiral symmetry) is constructed, and interactions
are ordered according to an expansion in powers of momenta. During the last year,
developments took place regarding several issues.

1.1 Power counting in the two-nucleon system

A critical issue has been the power counting of pion interactions in the EFT applicable
to momenta Q@ ~ m, < Mgcp ~ m,. Naive dimensional analysis suggests that one-
pion exchange should be iterated to all orders in nuclear amplitudes, together with two
momentum-independent contact interactions. However, arguments from perturbation the-
ory apparently indicate that this procedure introduces spurious cutoff dependence, which
could be avoided only by treating pion interactions as perturbative corrections to short—
range effects. For a review, see [1].

On the other hand, it was discovered recently that the renormalization of a non-
perturbative problem can be dramatically different from the renormalization of its per-
turbative series [2]. It is therefore possible that perturbative arguments do not hold for
the resummed series.

In the chiral limit (m, — 0), the relevant interaction is the 1/r3 tensor potential, so
the problem boils down to the old, unresolved issue of the renormalization of singular
potentials. Using EFT techniques, we have recently shown that a central 1/r" potential
can indeed be renormalized by a short-range interaction containing a single parameter [3].
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The extension to the relevant case of pion interactions in the 1Sy and 35;-3D; two-nucleon
channels has also been carried out [4]. We were able to show that the two momentum-
independent contact parameters can be varied in such a way that the remaining cutoff
dependence is taken care of by smaller operators that appear in higher orders. Away
from the chiral limit, we confirmed perturbative results that implied that explicit chiral-
symmetry-breaking terms should, and can, be treated in perturbation theory [4].

The power counting that arises is one in which only the chiral-symmetric part of one-
pion exchange is treated in leading order together with chiral-symmetric, momentum
independent contact interactions, while interactions with more powers of @ and m2 are
treated in perturbation theory.

1.2 Parity-violating electron-deuteron scattering

The (parity-violating) longitudinal asymmetries in polarized quasi-elastic electron scat-
tering on the proton and deuteron have recently being measured [6]. The asymmetries
are sensitive to the nucleon’s strange magnetic and axial form factors. If other effects are
under control, the two measurements can be used to determine the values of the form
factors at |Q%| = 0.1 GeV2. Neglecting two-nucleon current effects, the results are in
disagreement with theoretical estimates, in particular for the axial contribution [5]. It is
unlikely that this discrepancy can be attributed to the anapole form factor of the nucleon
[6], so a better understanding of two-nucleon effects is desirable.

Using power-counting arguments, we identified the leading contributions to the lon-
gitudinal asymmetry in quasi-elastic electron-deuteron scattering [7]. They include not
only previously estimated one-nucleon currents and parity-violating effects in the wave
functions, but also meson exchange currents. We have calculated the asymmetry due
to electromagnetic and weak neutral one- and two-nucleon currents, using deuteron and
pn scattering-state wave functions from solutions of a Schrédinger equation with the Ar-
gonne vig potential. The results indicate that two-body contributions to the asymmetry
are small (=~ 0.2%) around the quasi-elastic peak, but become relatively more significant -
(=~ 3%) in the high-energy wing of the peak [7].

1.3 Pion production in nucleon-nucleon collisions

Data for near-threshold pion production in nucleon-nucleon collisions have defied theoret-
ical understanding (for a review, see [8]). Although EFT can in principle account for the
observed cross section, different approximations for the kinematics have been employed
in calculations that yield widely different results.

We developed a toy model that reproduces some of the features of EF'T calculations of
this process [9]. Within this model, we calculated the production amplitude and examined
some common approximations. We found that only the fixed kinematics approximation
(for both propagator and vertex) is appropriate for the final-state interaction, while in
the initial-state interaction the contribution of the 7NNV cut is very important and has to
be taken into account properly, which is not done in the commonly used approximations.
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2 Future directions

In the near future, I intend to further study some of the issues discussed above.

The new, proposed power counting for the pionful EFT needs to be better examined.
Other two-nucleon channels (P and higher waves) are currently under investigation. We
plan to follow this up with a rigorous analysis of renormalization in the three- and four-
nucleon systems. This will be an extension of the analysis [10] carried out in the pionless
theory, limited to momenta @ < m,.

The power counting can be also applied to the weak two-nucleon force. A global analysis
of parity-violating processes involving nuclei shows that the standard meson-exchange
(“DDH”) framework cannot explain the existing data [11]. This standard framework
ignores certain contributions that appear in the EFT power counting at the same order as
contributions that are kept. Among those ignored contributions, the most relevant is the
weak two-pion exchange potential, which we are currently calculating in a way analogous
to the strong two-pion exchange potential [12].

One important advantage of EFT over conventional nuclear models is that processes
with different number of nucleons are treated consistently. In some cases, this allows the
extraction of nucleon parameters from data on nuclear targets. One such case is Compton
scattering on the deuteron. We have already studied this process to O(@?) in the pionful
EFT [13]. We are currently extending the calculation to O(Q*). Because we can calculate
all two-nucleon effects, we will be able to fit the only unknowns, the neutron electric and
magnetic polarizabilities, to existing data. '

The longer-term goal is to improve our understanding of nuclear EFTSs, so as to be
able to systematically describe the hadronic phase of the QCD phase diagram [14].

Acknowledgments: This research is supported in part by a DOE Outstanding
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My work in the past year has focused on two rather different yet complementary
aspects of Quantum Chromodynamics: first, the study of the QCD Dirac operator
using low-energy effective theories and lattice QCD, and second, the design of the
next generation of massively parallel computers for lattice QCD.

As for the first aspect, I have extended my studies of the QCD Dirac operator
in several directions. We now know that in a finite volume (a situation relevant for
lattice simulation) there are several important energy scales that characterize the
applicability of various effective theories. These are

e the magnitude and spacing of the lowest Dirac eigenvalues, Amin ~ 7/VZ,
e the QCD equivalent of the Thouless energy, E. ~ f2/ VVE, and

e the mass of the lightest non-Goldstone particle, m,.

(Here X denotes the absolute value of the chiral condensate.) For energies or mo-
menta below m,, QCD can be described by an effective chiral theory. This theory
is usually treated in perturbation theory (chiral perturbation theory or chPT), which
breaks down on the scale Ani, since on this scale non-perturbative effects, which are
responsible for the spontaneous breaking of chiral symmetry, become important. (The
essential point is that in this case the group integral over the zero-momentum modes
of the Goldstone fields has to be computed exactly, which is not done in chPT.) On
the other hand, chiral random matrix theory (chRMT) gives an exact description of
the QCD Dirac operator below the Thouless energy, i.e. also in the regime where the
zero-momentum modes dominate. In the region between Anin and E. (the overlap
region), the predictions of chPT and chRMT coincide.

While my previous work has focused on the regime below the Thouless energy,
I have now, in collaboration with the group of Andreas Schifer at the University of
Regensburg in Germany, extended the analytic description of the Dirac spectrum to
the third region in the above picture, between E; and m,. Our main interest was to
compare our theoretical results to data obtained in lattice gauge simulations. Since
we were using staggered fermions away from the continuum limit, we had to construct
a version of chPT applicable to this particular situation. Because the symmetries
of staggered fermions at finite lattice spacing are different from those of continuum
fermions, the number of Goldstone bosons and therefore the number of degrees of
freedom of the theory is different. Also, there is no massive i’ particle since the
U(1) symmetries are all non-anomalous. In addition, as one approaches the contin-
uum limit, one must carefully take into account the effects of the 15 doublers. Our
theoretical work, as well as the comparison with lattice data, has been published in
Ref. [1].
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We have also started to study the eigenvectors of the QCD Dirac operator on
the lattice (again for staggered fermions). In particular, we concentrated on the
localization properties of the eigenvectors in the vicinity of the deconfinement phase
transition. Above the critical temperature 7T, the Zs symmetry of the gauge action
is spontaneously broken so that one must distinguish the three Zs-sectors labeled by
the phase of the expectation value of the Polyakov loop (this is important in the
quenched case which we were studying). The localization of the eigenvectors is very
different in the Zz-sectors, and studying these characteristic differences allowed us to
obtain semiclassical properties of the underlying gauge field configurations without any
cooling. In particular, we found isolated modes with definite handedness that show
localization in space but not in time and can therefore be associated with caloron
configurations. This work has been published in Ref. [2] and presented at LATTICE
2001 in Berlin, Ref. [3].

Now to the second aspect mentioned above. In collaboration with other members
of the RIKEN BNL Research Center as well as Columbia University, IBM Research
(Yorktown Heights), and the UKQCD collaboration (Edinburgh), I am working very
hard on the QCDOC project. The name QCDOC stands for QCD On a Chip. We are
designing an application-specific integrated circuit (ASIC) combining existing IBM
technology and custom-designed logic specially optimized for lattice QCD (of par-
ticular importance here is the nearest-neighbor communications unit that sends and
receives data to and from neighboring chips). While I am contributing to all aspects
of this project through weekly design meetings, my main responsibility is the overall
integration of the ASIC. We are currently finishing the ASIC design and will then
concentrate on designing the other parts of the machine (motherboards, daughter-
boards, etc.). A first account of this project has been published in Ref. [4], and I have
presented the current status at LATTICE 2001 in Berlin, Ref. [5].

[1] M. Gockeler, H. Hehl, P.E.L. Rakow, A. Schifer, and T. Wettig, “Spectrum of
the SU(3) Dirac operator on the lattice: Transition from random matrix theory
to chiral perturbation theory”, hep-lat/0105011, accepted for publication in Phys.
Rev. D

[2] M. Gockeler, P.E.L. Rakow, A. Schafer, W. Séldner, and T. Wettig, “Calorons and
localization of quark eigenvectors in lattice QCD”, hep-lat/0103031, Phys. Rev.
Lett. 87 (2001) 042001

[3] C. Gattringer, M. Gockeler, P.E.L. Rakow, A. Schifer, W. S6ldner, and T. Wettig,
“Lattice QCD at finite temperature: Evidence for calorons from the eigenvectors
of the Dirac operator”, hep-lat/0110182, to appear in Nucl. Phys. B (Proc. Suppl.)

[4] D. Chen, N.H. Christ, C. Cristian, Z. Dong, A. Gara, K. Garg, B. Joé, C. Kim,
L. Levkova, X. Liao, R.D. Mawhinney, S. Ohta, and T. Wettig, “QCDOC: A 10-
Teraflops scale computer for lattice QCD”, hep-lat/0011004, Nucl. Phys. B (Proc.
Supp.) 94 (2001) 825

[5] P.A. Boyle, D. Chen, N.H. Christ, C. Cristian, Z. Dong, A. Gara, B. Joé, C.
Kim, L. Levkova, X. Liao, G. Liu, R.D. Mawhinney, S. Ohta, T. Wettig, and A.
Yamaguchi, “Status of the QCDOC project”, hep-lat/0110124, to appear in Nucl.
Phys. B (Proc. Suppl.)

518



RBRC Scientific Review Committee Meeting
November 29-30, 2001

Research plans for the coming year
Tilo Wettig

One of the major efforts in my research work for the coming year will again be
the QCDOC project mentioned in my progress report. I am heavily involved in many
aspects of this project, including the design of the ASIC, test strategies, and the design
of the other parts necessary to complete the machine (daughterboards, motherboards,
ethernet switches, etc.). We are getting close to completing the ASIC design and will
then concentrate on synthesizing the design to meet all timing requirements. While
contributing to the ASIC logic by writing VHDL myself, I am also coordinating the
efforts of the other developers, integrating their work into the overall design. QCDOC
is a big team effort involving five major institutions, and we are planning to have the
first prototype machines available in the second half of 2002.

I am also interested in a particular problem in mathematical physics, a transfor-
mation recently introduced by Zirnbauer in the context of condensed matter physics.
This transformation reads

[ a0 exp (U, 0T
U(N)
=/D/-‘N(Za Z) exp ("Z’f{-azab"[)ib + @Eibzba'l/’ia> .

In the language of QCD, 1 denotes a (super) tensor carrying “color” (4, ) and “favor”
(@, b) indices. The remarkable feature of this transformation is that the integral over
the “gluon fields” U is traded for an integral over (super) matrices Z, Z that live in
flavor space and can be thought of as meson degrees of freedom. The color degrees of
freedom are completely decoupled on the right-hand side.

While this “color-flavor transformation” represents a remarkable step forward in
the theory of disordered systems for which it was originally derived, it is not immedi-
ately applicable to (lattice) QCD. The major obstacles are:

1. The transformation only addresses the fermionic action which contains terms lin-
ear in the gauge field. The Yang-Mills action contains higher-order terms in the
gauge field that have to be taken into account as well.

2. The fermion doubling problem that one encounters on the lattice is still present
in this approach.

3. The transformation needs to be adapted to gauge group SU(N) with N = 3 for
QCD.

As for item 1., we note that the plaquette term on the lattice is of the general form
trUUUU. As already hinted at by Zirnbauer, terms of this form could be generated
by coupling heavy fermionic ghosts to the gauge field via ¥ U.
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As for item 2., the doubling problem has recently been solved in a variety of ways
based on the Ginsparg-Wilson relation. Therefore, we have some guidance as to how
it can be tackled in this new method. At first sight it seems as if the domain-wall
fermion approach might be the most suitable candidate.

Item 3. is perhaps the most complicated task. First steps in this direction have
been taken recently in a note by Budczies and Shnir, but the results are not yet
complete. Alternatively, one could first solve the problem for gauge group SU(2).
This is possible because of the accidental isomorphism SU(2) ~ Sp(2) and because
the original color-flavor transformation also works for Sp(2V).

If all three obstacles can be overcome, one would accomplish a radically new and
very promising formulation of lattice QCD. This would be interesting both from a
thepretical and from an algorithmic point of view. It is of course too early to tell how
a fermionic algorithm based on this new formulation would look like, but perhaps the
technical problems resulting from very light dynamical quark masses may not even
be present in this approach. In any event, the importance of lattice QCD simulations
with realistic light quark masses and the performance problems of current algorithms
such as Hybrid Monte Carlo certainly justify steps in new, unexplored directions.

Finally, I have an interest in the sign problem that plagues lattice QCD at nonzero
chemical potential. It is now understood that the various reweighting methods that
have been suggested over time will fail if the volume becomes too large. Recently,
Adami and Koonin have suggested that the complex Langevin algorithm might be a
suitable candidate to tackle the problem. I plan to test this suggestion, first in the
framework of a chiral random matrix model where analytical results can be obtained
as well. The obvious advantage of knowing the analytical results is that one can tell
immediately whether or not the algorithm works. Also, they might give us hints as to
how the algorithm could be improved in case it doesn’t work right away.
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