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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 
Kenkyushotv (RIKEN, The Institute of Physical and Chemical Research) of 
Japan. The Center is dedicated to the study of strong interactions, including 
spin physics, lattice QCD, and RHIC physics through the nurturing of a new 
generation of young physicists. 

The RBRC has both a theory and experimental component. At present 
the theoretical group has 4 Fellows and 3 Research Associates as well as 11 
RHIC PhysicsKJniversity Fellows (academic year 2003-2004). To date there are 
approximately 30 graduates from the program of which 13 have attained tenure 
positions at major institutions worldwide. The experimental group is smaller 
and has 2 Fellows and 3 RHIC PhysicsNniversity Fellows and 3 Research 
Associates, aind historically 6 individuals have attained permanent positions. 

Beginning in 2001 a new RIKEN Spin Program (RSP) category was 
implemented at RBRC. These appointments are joint positions of RBRC and 
RIKEN and1 include the following positions in theory and experiment: RSP 
Researchers, RSP Research Associates, and Young Researchers, who are 
mentored by senior RBRC Scientists. A number of RIKEN Jr. Research 
Associates and Visiting Scientists also contribute to the physics program at the 
Center. 

RBRC 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 sixty- 
eight proceeding volumes available. 

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

N. P. Samios, Director 
November 2004 

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886. 
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Physics Programs of the RBRC and UKQCD 
QCDOC Computers 

Introduction 

N.H. Christ, R.D. Kenway, R.D. Mawhinney, S. Ohta 

The second intercollaborational workshop of RIKEN-BNL-Columbia (RBC) 
and UKQCD collaborations was organized as the ??th RIKEN-BNL Research 
Center Workshop entitled “Physics Programs of the RBRC and UKQCD QC- 
DOC Computers” and held at Brookhaven National Laboratory on November 
12th and 13th, 2004. 

At the time of the meeting, two l2K-node QCDOC configurations, one in 
Edinburgh and the other at the RIKEN-BNL Research Center in Brookhaven 
were soon to become available for lattice QCD numerical calculations. In- 
deed the Edinburgh configuration had been successfully assembled and veri- 
fied in Brookhaven during the preceding months, and was just shipped from 
Brookhaven and then received in Edinburgh. The RIK.EN configuration was 
being assembled. As of this writing (January ??th, 2005), the two configura- 
tions are now complete and ready to start physics calculations. 

- Since the first intercollaborational workshop held in Edinburgh in December, 
2003, some members of the two collaborations had been discussing possible ad- 
vantages of jointly producing gauge configurations with dynamical domain-wall 
fermion quark and improved gauge actions. As is summarized in this volume, 
many interesting presentations- and discussions in the workshop helped to iden- 
tify areas where such a collaboration would be helpful. Following these discus- 
sions, the RBC and UKQCD collaborations agreed, in January 2005, to jointly 
generate such ensembles of gauge configurations with the so-called (2+1) flavors 
(degenerate up and down plus heavier strange) dynamical domain-wall fermion 
quarks and [‘DBW2”-like improved gauge actions. At first a set of production 
parameters with lattice spacing as coarse as about 0.11 fm (or its inverse about 
1.8 GeV) is aimed at. This will allow the entire calculation be completed within 
a year with the up and down quark mass as light as possible and the lattice 
volume as large as possible. 

We would like to thank Dr. Nicholas Samios and RIKEN-BNL Research 
Center for providing the opportunity and support to organize this workshop. 
We thank Ms. Pamela Esposito for her invaluable help in organizing and running 
the workshop. 
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Current Status of QCDOC runs 

Michael Clark 
The University o5Edinburgh 

The initial runs performed on the QCDOC supercomputer prototypes is discussed. The parameters 
intended for the light ASQTAD run are discussed, as are the problems holding back running with 
these parameters. The results from an initial domain-wall fermion eigenvalue bounds study are 
discussed. 

2 



W 

ASQTAD 2+1 runs 
Running on 1024 nodes 
Intended parameters 
- 243x64 lattice 
- m=0.0079,0.038 
- dtE0.05 
- Symanzik improved gauge action 

RHMC algorithm 
0 Successfully run above parameters but 163x64 

PLB-SCU error holding back the runRunning on 1024 
nodes 



DWF eigenvalue study 

Not obvious what DWF e-value bounds are 
Require this to efficiently perform RHMC 
Empirical study of DWF e-value bounds 

i 

Performed on quenched ensembles 
Proof of concept test successfully completed 
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DWF Simulations on QCDOC 

Meifeng Lin ( Columbia University ) 

11/12/04 

I report recent progress on DWF simulations on QCDOC with Columbia 
Physics System (cps++). N f  = 2 DWF HMC'evolution is compared with 
QCDSP data. Preliminary tests for R algorithm are also being done on a 
smaller volume. 

7 
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R algorithm ~ v o l ~ t i o n  

HMC ~ v ~ l ~ t ~ ~ ~  for comparison: 
le3 L, = 8, ~~~5 =z: 1.8, = 0.8, mf = 0.04; stepsize = 

0.01 , trajectory length = 0.5. 

. 

~ ~ j ~ e ~  Lin - RBRC-UKQCD Workshop 0 BNL, Nov. 12-f3,2004 
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VOIDSS has p ~ t e n t i ~ l  despite o 

Re1 at ivel y corn pu tat ion ai I y 

rator mix i~g under control 
ht hadron s~ect rum~ matrix elements 
esons, ba~ons ,  ex~itations 

= Charm meson spectrum and decay 
- Decay consta~ts, nucleon decay, Kaon ME 

COntZWltS 

November 2004 



U n ~ ~ r s ~ ~ d ~ ~ g  the staggered Dirac operator 

In collaboration with E. Follana and C. Davies (University of Glasgow). 

* Wr? study the spectrum of the staggered Dirac operator 
on improved gauge backgrounds for lattice spacings 
between 0.08 and 0.13 fm. 

e Using a highly improved formulation of staggered, 
K~gu t -~us~k ind  quarks, WE! find the modes to clearly 
divide into zero modes of high chirality and non-zero 
modes whose chirality is un~~ormly close to zero. 
Very few modes of i n t e r m ~ ~ i ~ ~ e  chirality are seen, 
giving us a clear Index Theorem. 
We compare the fiu~tua~ions in the di~tr ibuti~ns of the 
non-zero modes to the predictions of a randam matrix 
theory with the c o ~ t i ~ ~ u m  symmetries of QCD. 
Provided the zero modes are subtracted from the 
spectrum, and the r e ~ a i ~ ~ ~ ~  modes are grouped as 
~ e a r ~ d ~ g e ~ ~ r a t ~  quartets, good agreement is found. 
In ~ a ~ i ~ u l a r ,  the distr ibut i~~ of modes clearly changes 
as we move between sectors of different t o ~ o l ~ ~ i c a l  
charge. 

a improved staggered quarks therefore show restoration 
of ~ ~ ~ t i n u u ~  chiral s y ~ m e ~ r ~ e s  for lattice spacings 
below 0.1 fm. 



iobal s y ~ ~ ~ ~ ~ i e s  
* - .  

s SU(Nf) x SU(Nh): 
u Spont, broken to 5U(N,} x SU(Nf} 1 SU(Nf) 
e Plans as Goldstone bosons 
e Qrder param = chlral cond. X = - (Gy} 

Anomalous 
D u~(1): 

A t i y ~ h - ~ i n g ~ r  Index Theorem 

Two sets af modes: 
1 

IN Non-zero mode: 

u zero modes: 
e occur in f pairs, chirality zero 

e Chirality xs = fl in, of each) 
Atlyah-Slnger index theorem 

e gluonictop. ch.: Q = n.. - n, 
a Usually n, and/or n, = 0. 

ment p ~ r a ~ ~ ~ e r ~  
IB Quenched gauge action: 

rn KS actions: One-link and improved: 
x Ixi $. 1x2: tree level Sym. .t. tadpole imp. 

a ASQ&d, HYP 
a HLSQ 3 FAT78 X ASQ 

I a = 0.125, 0.09,0,077 fm 
w L = 2.1, 1,5, 2.8ft7n 

ries in the spectrum 
I I 

I eigenvalues D f, = i k, f, 
IN anti-Herm: D*= -0 3 &real 
rn chirality: X$ = f,f% f, 

SU(N,) a Nffotd made degeneracy 
IN Classify mbdes 

Zeromodes: A,$= 0 
Nan-zero m o d s :  3.5 s: 0 

.--a , 

Globat symmetry: U(1) x Ufl) / U(l} 
N No N,-fold made degeneracy 

No exact zero modes or index l%ewern 
8 Full symmetry group restared as a -+ 0, 

Nrfald degeneracy lmportant In unclemanding 
redwed flavour K5 sea and va/enct?quaricrj. 

Xs ASQtird 1 or should we try harder7 
blow Small does a ncled to be? 



Caarser lattices: 

I 

ndom Matrix Theory .--, . 
I Replace QCD partition function by 

I I dW det{D+rn) exp -[H@af4 Tr ~ ~ W i W ~  J 
m W n x m matrix: Q = In-mi, N = n+m 

. o =  f e  IWI 
(4w+ o f  

rn pp2: WI complex, Unitary Enmnbfe 
I N+m: Random number distrib, irreL 

Coa rsw lattices: 
a==0,077 fm 

odes revisited . 

Y Chid condensate: E = -@y} 
= Banks-Casher: X = lim ~ ~ p ~ O ) } ~ V  
UI Fluchations a b u t  this are universaf: 

depmd only on symmetries of theory, 
Y Goad way of probing symmetries 
N e.g. (chiral) random matrix theory 

yrn rnetrie5 
-. 

I Afl ~ ~ n ~ j n u u ~  symmetries of Dirac op. 
Axial symmetry U&f: iL = 0 ar .f: pairs 

a Exactly Q = In-rni zero modes 
I Flavotrr symmetry: SU(Nfj x SU(N,) 
I Chiral S.B. pattern Same as QCf2 

N ~ ~ p ~ r i n g  Izittice, to chRMT tells us how 
well ~ontinu~ffl symmetries are restored 

21 



Co m pa r isan procedure - -- *.*. 
s Spectrum has clear zero modes: 

N Remove these-From spectrum 
M Spectrum has clear quartets 

s Average each quartet 
t Compare qua&& averages with chRMT 

u In the past: no removal or grouping 
m NQ dependence on Q: all agree with Q=O 

HISQ, a=0.077, 4=0..3, k=l. 
Clear dependence 
on Q 
Axial anomaly well 
reproduced, 
~m~lying Dirac index. 

*.OW'IF b,M* FA,, 3*-* ---- - x 

ch RMT p red ictians : 
value 1 for Q=O to 3 

II agrees well 
m no quartet grauping: 

kJ=2..4 lie on b p  of 
k=l,  

R Only cons!stenl: with 
SU(4) symmetry 

staggered: only QK - "^  



a 

Eigenvalue ratios and action 
I Asptad good, HISQ is better 
w ~ o n t i n u u ~  chiral symmetries well 

re&orc3tf for a d 0,l fm, provided ... 
I We are using improved glue 
m Important far u ~ d ~ r ~ n d i n g  reduced 

m How does HX§Q compare to GW ? <Wrr) 

flavour sea and valence quarks 

23 



First results from Dynamical Domain Wall Fermions 

Chris Dawson 

To finally make predictions which bear direct relevance to the real world, it is 

vital that lattice calculations move away from the quenched approximation. Within 

this approximation, the domain wall fermion formulation of lattice QCD - which 

preserves both flavour and chiral symmetries at finite lattice spacing - has been ex- 

tremely successful. In this talk i discuss results from the first large scale simulations 

using dynamical domain wall fermions. While only including two dynamical rela- 

tively heavy flavours of quark, these results are encouraging: the lattice spacing from 

three different determinations (using the mass of the rho-meson, the string tension, 

and the pion decay constant). I also show results for the mass of the pseudo-scalar 

meson, the nucleon mass, and the pion and kaon decay constants. In the latter case 

we find that NLO chiral perturbation theory does not describe our data, although 

the reason for this requires further investigation. 

25 
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(Ir At NLO 
* dashed 1 

Fixing t h e  strange quark  mass : NLO 

the ~ ~ n a ~ i ~ a l  mass enters. 
ne is limit: 

e This leads to a strange quark mass 
t h a t  is = 10% higher t h a n  t h e  lead- 
ing arder fit, 

0.15 

0.1 

0.05 

a For a consistancy check, we may take our  values for the quark  masses 
and lattice spacing, and use the results fur the vector meson to predict 

MeSOM mass: 
Ad@ = 978(12) MeV 

= 4% off experiment 11020 MeV]. 
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New method to separate @+from NK 
ri u a c 

- Effective even when 
negative parity channel - 

u quark I spatially a 

d quark 1 spatially riodic BC I 
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The Results from HBC 
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Nucleon structure with domain wall fermions 

Shigemi Oht,a* 
and 

Kostas Orginosi 

Abstract 

RBC calculations of the ratio of the isovector axial and vector charges, 
ga/gv, and the moments of structure functions (z)~, ( z ) A = - A ~ ,  and ( 1 ) ~ ~  
with domain wall fermions (DWF) quark and DBW2 gauge actions are 
described. Those on the 1.3 GeV cutoff quenched lattices are complete 
with non perturbative renormalization (NPR): all the quantities show 
only mild linear dependence on quark mass. The dynamical results with 
two degenerate dynamical quark flavors from 1.7 GeV cutoff lattices are 
without NPR while the axial charge result is naturally renormaliied and 
in agreement with the quenched results. 

'Inst. Particle and Nuclear Studies, KEK, Tsukuba, Ibaraki 305-0801, Japan and RIKEN 

t Massachusetts Institute of Technology, Cambridge, MA 02139, USA 
BNL Research Center, Upton, NY 11973, USA 
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v, 
0 

d l :  twist-3 part of 92 ((x)aq is twist-a), 

dY 
0 negligible in Wandzura-Wilczek relation, g 2 ( x )  = -g1 ( z )  + / -g I ( y ) ,  

0 but need not be small in a confining theory (Jaffe and Ji, Phys. Rev. D43, 91), 
x Y  

queiiched unrenormalized, 
0.5 1 
0.0 

0 up dwf 

o down dwf 0 down Wilson 

x up Wislon 
-0.5 

-1.0 

-1.5 
0.00 0.05 0.10 0.15 

mt 

0 small in the chiral limit (no power divergent 

0 disagree with Wilson fermion results (which 

mixing), 

suffer from power divergent mixing)? 

dynamical unrenormalized, 
0-15 3 

0.10 

< 0.05 

0.00 

-0.05 
0.0 0.2 0.4 0.6 

rn: deVe 

0 small in the chiral limit. 
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Nucleon Decay Matrix Elements on the Lattice 
Robert 'rweed'te 
~ ~ j v e ~ ~ i ~  of ~ ~ i ~ b u r ~ h  

The ~ ~ ~ ~ v ~ t i o n  for calculatin~ noclecm decay matrix elements on the 
lattice is discussed and in particular their role in GUT and SU5Y GUT 
models. The form of the nucleon decay matrix elements is discussed. 
A recent: code check ~ ~ l c u i a ~ i ~ n  is presented and there is some 
discussion of code available for future ~ a l c u l ~ ~ i ~ n s  of these matrix 
elements. Finally there is discussion of a possible future calculation of 
these niatrix elements using two-point functions and a mixed action 
where the sea and valence quark actions are not the same. 
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Nucleon Decay on the Lattice with Domain Wall 
Fermions 

Shigemi Ohta* 

Abstract 

RBC calculations of the nucleon decay matrjx element with domain 
wall fermion (DWF) quark and DBW2 gauge actions are described. These 
calculations are driven by Yasumichi Aoki who is now in Wuppertal. Both 
direct and indirect calculations have been carried out on quenched 1.3 GeV 
cutoff lattices, complete with non-perturbative renormalization (NPR). 
The two methods disagrees. Indirect method calculations have been car- 
ried out on two-flavor dynamical DWF 1.7 GeV cutoff lattices leads to the 
same chiral limit as in the quenched calculations. Dyn.amica1 calculations 
with the direct method are well under way 

*Inst. Particle and Nuclear Studies, KEK, Tsukuba, Ibaraki 305-0801, Japan and RIKEN 
BNL Research Center, Upton, NY 11973, USA 
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Issues: 

0 direct method is about 10 times more expensive, 

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

0 Iindirectl = ldirectI+ - 50 % (JLQCD (2000)). 

I 

Direct method: 

where q is the momentum transfer of p + TO. 
Q\ 
P 

(TO IiEijk (uiTCP,,,d)P,uk lP) = PL [W0(q2) - w,(q2)i(h/q)I2Lg), 
. 

0 as i(yq)w, N mewe  is negligible, we need to extract Wo, 

0 yet the mixing of Wq is inevitable because we also need to project to positive parity proton, 

= WO -iq4Wp, 

0 we go around this by injecting finite momentum (JLQCD, PRD 62, 014506 ( Z O O O ) ) ,  

Slightly different sequential propagators are used. 



Remaining problems: 

0 chiral symmetry, 

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

- so the results need not match the chiral perturbation, 
- with DWF better chiral symmetry, the indirect method may work. 

0 O(a) scaling violation, 

0 quenched approximation. 

DWF: 

0 good chiral symmetry, O z t  = ZO$?, 

- should match the chiral perturbation at finite a, 

- if the low-energy coefficients are calculated on the lattice, 
- note fT and gA (=D + F )  are consistent with experiment within a few % even at finite a, ' 

0 scaling violation starts at O(a2), 
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Testing 5B Chirai Operators 
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Testing 5D Chiral Operators 

Operators 

Name 
Shamir 
BoriGi 

BoriGi 

BoriGi 
Shamir 

BoriGi 

Operator 
Mobius 
Mobius 
Mobius 

Cont. Frac. 
Cont. Frac. 
Cont. Frac. 
Cont. Frac. 

Mobius 
Mobius 
Mobius 
Mobius 

Cont. Frac. 

b5 
1 
I 

1.35 
- 
- 
- 
- 
1 
1 
I .35 

1 
- 

Ls 
12 
12 
12 
12 
12 
12 
12 
12 
12 
24 
24 
24 

I mq 
0.02 

0.01 15 
0.02 

0.01 15 
0.01 15 
0.01 15 
0.01 15 

0.02 
0.02 
0.02 

0.0115 
0.01 15 

‘CF’ = Cont frac. ’M’ = Mobius ’Z’=ZoIotarev, ’T’=tanh, 

Approx 
Tanh 
Tanh 
Tanh 
Tanh 
Zolo 
Zolo 
Zolo 
Zolo 
Zolo 
Tanh 
Tanh 
Zolo 

Fixed 
- 
- 
- 
- 

0.01 

0.069 
0.01 
0.01 

- 

- 
- 
- 

# Conf 
15 
I 5  
15 
15 
15 

. 15 
1 
I 
I 
15 
15 
I 

Moniker 
MblcOTL12 
M b l  c l  TL12 

Mbl35c35TL12 
CFTL12 
CFZLI 2 

CFZLI 2-v 
CFZL12-e 

MblclZLl2 
MblcOZLl2 

Mbl35c35TL24 
Mb 1 c l  TL24 
CFZL24-v 

Edwards, JoO, Kennedy, Orginos, Wenger, BNL2004 
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I=2 S-wave pion scattering phase shi€t with 
two-flavor full QCD 

Takeshi Yamamki 

Brookhaven National Laboratory Upton, NY 11974 
RIKEN BNL Research Cerxtcr 5 

Ultima& goal sf this study is  tu expand OUT ~ ~ d e ~ ~ t a n d i n g  of hadron dynamics baed 
on lattiw QCD. So far many lattice ~ a l ~ u l a t ~ o n ~ ,  hawevw, have focused on static physical 
quantities, e.g., hadron spectrum. Herice we attempt to invcstigat;t? the isospin S = 2 S-mve 
pion scattering which is one of" simple hadron scatterings. This work is also a first sixp to study 
decay8 of hadrons. 

We present a lattice QCD calculation of the pion $ ~ a t t e ~ n ~  phase shift with twa-flavor 
dynamical quark effect. The calculation U S ~ S  two-fiavar M I  QCD ~ ~ ~ ~ ~ ~ ~ r a t i a n s  previously 
generated with a ~ e ~ ~ ~ ~ ~ ~ l i ~ a t i ~ ~  group improved gmge actkm and clover cpark action with a 
tadpolc irnproved clover coeflident. We employ three dii€erent lattice spacings a M 0.22,0.16 
and 0.11 frn far the continuum ~ ~ ~ r ~ ~ o ~ a ~ i o n ,  a d  four pion masses m, M 0.5,0.75,0.9 and 1.1 
GcV for the chiralt ~ x ~ r ~ p ~ ~ a t i # ~ .  This is tho first calculation for thc scattering phase including 
thc two flavor dynamical quark effect and taken to the ~ o ~ ~ t i ~ u ~ i ~  limit. 

The scattering phase is obtained through the finite voltme method in the center of mass 
system, and its extension to the non-rest system. While the inclusion of the nsn-rest system 
requires little extra c o ~ ~ ~ ~ ~ ~ t i o n ~ l  cost, the use of the system allows s i ~ n i f i c ~ ~ t l ~  ~ Q T C  dense 
sampling of the scattering phase. We abswve a rem~aable fit with tho resiilts abtaincd from the 
calculations in the different systems. We also find that the pion mass and the Iat.Cice spacing 
dependences for the scattering phase arc I,zrgc;. These ~ ~ p ~ ~ d ~ n ~ e s  causc large systematic errors 
at thr? physical pion mass arid in the ~ Q n ~ ~ ~ ~ ~ u ~  limit. Thc result Tor the scattering phase in 
tlxc c O n t i n u i ~ ~  limit, agrees with the ~ ? ~ p ~ r i m ~ n t a l  result. 
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1. Introduction 
Motivation 

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

'Dynamical' physical quantity beyond hadron mass 
Isospin I = 2 S-wave m scattering phase shift So(p)  

W 

Most of the lattice studies have focused on 'static' physical quantities, 
e. g . had ron spect ru m . 
0 First step toward calculation of decays of hadrons 

p-+n.;rr, U -+n -T  

E( -+ TT direct calculation 
( Traditional calculation method is K -+ 0 and K -+ T relate t o  K -+ TT with ChPT.) 
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On-Shell K + 71-7r Decay 
Norman H. Christ 

Columbia University 

UKQCD - RBC Workshop 
November 12, 2004 

Both of our collaborations have begun serious work on direct calculation of K meson decay 
into two final-state pions. In this presentation I will describe the RBC side of these efforts. 
This research, carried out primarily by Changhoan Kim, makes up his-now completed Ph.D. 
thesis and should appear as a paper within the next few months. Our basic strategy is to 
impose boundary conditions on the quarks that appear in the final-state pions so that those 
pions must also obey non-trivial boundary conditions and therefore must carry non-zero 
momenta, typically p oc r / L .  This circumvents the Maiani-Testa theorem and allows an 
“on-shell” final state whose energy equals that of the decaying K meson. Finally, the recent 
formula of Lellouch and Liischer can be used to convert the finite volume matrix element 
into the infinite volume matrix element of interest. 

As was shown some time ago, if G-parity-boundary conditions are imposed on the underlying 
u and d quarks, this method can be used to determine decay amplitudes into both the I = 0 
and I = 2 final states. In the work I will describe, simpler H-parity boundary conditions 
are imposed which allows the treatment of only the I = 2 final state. 

In the first slide below, these two sets of boundary conditions are defined. The second slide 
provides the parameters for the somewhat coarse lattice spacing, quenched simulation with 
domain-wall quarks that Changhoan carried out. The third slide shows the I = 2, 7r - 7r 
phase shifts that were obtained from the finite-volume, two-pion energy using Luscher’s 
formalism and imposing H-parity boundary conditions in a number of spatial directions 
varying between zero and three, While good agreement with experiment is likely not to be 
expected given the unphysically heavy quarks, it is interesting that we find the non-resonant 
behavior, increasing and then decreasing with energy that is seen experimentally. 

In the fourth slide an “effective mass” computed from the time dependence of the matrix 
element of the weak operator 0(2721) is shown. If the Kaon and 7r - 7r masses are the same 
this effective mass should be zero. A reasonable plateau is seen between t = 4 and 20. Here 
the K meson is created at t = 22 and the final two pions absorbed at t = 0. In the final 
slide the actual lattice matrix element is shown as a function of Kaon mass. The vertical 
lines indicate that region in which the Kaon mass equals the finite-volume 7r - 7r energy 
determined by the H-parity boundary conditions, here imposed in only one direction. 

The good plateaus and relative small errors seen in these figures indicate that this method 
is quite successful, allowing the calculation of K -+ r7r decay without the resort to chiral 
perturbation theory. We plan to extend these calculations studying more physical parameter 
values and properly including the effects of quark loops. 

’ 
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.Anti-Periodic Boundary Conditions 
for Pions? 

0 G-parity boundary conditions: 
Glsr'> = - I T  f > 
Giro > = - I T  0 > 

- G-parity operation on the quark fields: 

- Required charge-conjugation boundary conditions 
for the gauge fields too. 

0 H-parity Boundary Conditions: 
HIT*> = - I T  f > 
HIT'> = +IT' > 

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

-I ,  = 2, 7-r + +  7r state contains anti-symmetric pions 
with non-zero momenta. 
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K -+ ( ~ + a  Simulation Parameters 

0 Lattice size: 163 x 32 

0 Pion mass: 352MeV 

0 Kaon mass: 712MeV - 1290MeV 

0 Lattice spacing: a-l-I.3GeVt 

0 Action: DBW2 

0 Number of Configurations: 129 

0 Domain Wall Fermions: M5=1.8, L,=12 

0 Resulting kinernat ics: 

m K  mT PT 
Simulation 910 MeV 352 MeV 290 MeV 
Nature 496 MeV 138 MeV 206 MeV 
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Numerical 6TT(I = 0) results 
comparied with higher energy data 

0 

-10 

-30 

4o0 

0+3 Lattice Calculation 
- From Phenomolgical parametrization 

200 400 600 
Relative Momentum 

800 
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Effective mass difference from 
Gmr027K 

- 
0.75 - 

- 

0.5 - 
- 

0.25 - z - 

.- ? 0-  

62 
.c, 
0 - 

-0.25 - 
- 

-0.5 - 

- 
-0.75 - 

- 
-1 -- 

0 
Time 
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027 and 0(878) matrix element versus 
Kaon mass 

Kaon Mass 

Kaon Mass 
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W 
P 

O(a2) hadronic contribution comes from the hadronic vacuum 
polarization: (n(k2)> 

The blob, which represents all possible intermediate hadronic 
states, is not calculable in perturbation theory 



I 

Calculation of the vacuum polarization with Improved-Kogut- 
Susskind fermions on the T h e  MILC 2+1 Flavor Lattices: 

0.121(3) 
0.12 1 (3) 
0.120(3) 
0.086(2) 
0.086(2) 

\o v1 0.086(2) 
0.085(2) 
0.085(2) 

203 x 64 
203 x 64 

x 64 
283 x 96 
283 x 96 
403 x 96 
283 x 96 
283 x 96 

0.01 
0.01 

0.005 
0.0062 
0.0062 
0.0031 
quenched 
quenched 

0.05 0.05 
0.05 0.01 
0.05 0.005 
0.031 0.031 
0.031 0.0062 
0.031 0.0031 

0.031 
0.0062 

MILC proposal on QCDOC mdms m7r L trajecs 
0.086 483 x 96 0.1 4.2 - 2000 
0.06 483 x 144 0.2 5.8 3750 
0.06 483 x 144 0.4 7.0 3000 
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I 

Discussion /Out  I oo k 

1. Need better fit function for low q2, small mq --+ chiral PT. 
Continuum: I-loop is just vacuum polarization of two pions. 
Staggered, u + 0: same with (different mass) non-Goldstone 
pions in the loop. 

2 . .  Complete large lattice, small quark mass, staggered caclula- 
, 

tions. 

3. 1% accuracy from 1 and 2? Recall f ~ / f ~  ... 

4. Repeat for 2+1 flavor DWF lattices 



THE ELECTROMAGNETIC SPLITTING AND gp - 2 
LIGHT-BY-LIGHT CONTRIBUTION 

TAKU IZUBUCHI 

ABSTRACT. We report our ongoing calculation for the electromagnetic split- 
ting for hadron mass and decay constants, which may serve as an.input for 
the precision check of the standard model. The calculations are being car- 
ried out on the ensemble of N p  = 2 dynamical domain wall fermion lattices. 
Preliminary results of the mass splittings for the pseudoscalar meson mass 
following a calculation done with Wilson fermion in [l] are shown. We also 
present a new formalism for the perturbative QED correction applied to the 
non-perturbative QCD quantities, which will be an essential step to resolve 
the theoretical uncertainty in the muon anomalous magnetic moment[2], the 
light-by-light contribution[3]. 

REFERENCES 
[l] A. Duncan, E. Eichten, and H. Thacker. Electromagnetic splittings and Jight quark masses in 

[2] T. Blum. Lattice calculation of the lowest order hadronic contribution to the muon anomalous 

[3] M. Hayakawa and T. Kinoshita. Pseudoscalar pole terms in the hadronik light-by-light scat- 

lattice qcd. Phys. Rev. Lett., 763894-3897, 1996. 

magnetic moment: An update with kogut-susskind fermions. 2003. 

tering contribution to muon g-2. Phys. Rev., D57465-477, 1998. 

(Taku Jzubuchi) RIKEN BNL RESEARCH CENTER, KANAZAWA UNIVERSITY 
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Motivations 

a The first principle calculations of isospin breaking effects due to electromagnetic 
(EM) and the up, down quark mass difference are necessary for accurate hadron 
spectrum, quark mass determination. 

fK+ = 130.7 rt 0.1 Zt 0.36MeV PDG 2004 

the last error i s  due to the uncertainty in the part of O ( a )  radiative corrections 
that depends on the hadronic structure of the i r ~  meson. 

CK 0 k 0.24, C, - CK = 3.0 Zt 1.5 

c.f. Marciano 2004 : Vu, from fJfK (MILC) + r(7~l2)/I’(Kl2). 

Also the radiative correction to the baryon sector might be worth considering. 

Taku Izubuchi, BNL, ll/Nov/2004 





A G (t)/ G(t) axps 
m =mval=0.04 

down-down 

* UP-UP 

I '.. I I ?., I 
0 5 10 15 

-0.04 

A G (t)/ G(t) axps 
m_=m~O.03  

0.03 I I I 

I '%. , I I 1 
0 5 10 15 

-0.04 

- 
preliminary results 

e Dynamical DWF configuration mval - 
msea = (0.02),0.03,0.04 a = 0.0013 or 
a few MeV. 

Q The. correlator of the temporal com- 
petent of the axial vector, G ( t )  = 

(A4(O)A4(t)) 

0 N 40 configurations 
(an U( l )  configuration per a SU(3)). 

Error bars might be underestimated. 

e Fluctuations due to SU(3) are larger than 
that from U(1). 

e EM effects seem to be visible, but only 
after taking the ratio. 

The sign and the magnitude of the slope, 
-AM(q l ,q2 ) ,  i s  in the ballpark. 

Taku Izubuchi, BNL, ll/Nov/2004 



Direct calculation of the each QED diagram 

a The perturbative expansion in QED coupling, a ,  converges rapidly; Each of 
the perturbative pieces could be obtained by a direct calculation of &ED diagram 
treating QCD non-perturbatively. This method may have the following advantages: 

e Could obtain the contribution from each QED diagram separately, and/or 

The charge, e and qi, could be input later than simulation. 
o Would help or avoid the subtractions, for example in the light-by-light 

order by order in a. 

calculation. 

o An example for meson EM splittings : 

2 
1 1 1 

2 2 2 

e4 : q:q& 

2 

1 

2- 

Taku Izubuchi, BNL, ll/Nov/2004 



Direct calculation . . . 
o Prepare a Usu(3)p, and an A,. 

e 2. multiply -iAp(x)K, or --ieqiAp(x)Kp to the first solution vector, S,$')(X), 

e 3. Sequentially solve . 

con where K,  i s  the kernel of the conserved vector current: Vp (x) == qKp+. 

( 4. Repeat 2, 3. (n - 1) times for SF) ) 
0 Then Tr[Sf)r75[Sf)]t~5r] i s  the e2qlq2 diagram of the G(t;ql,q2) in the back- 

ground fields, 

2 2 

Taku Izubuchi, BNL, ll/Nov/2004 
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Cham Physics 

Charm physics very interesting 
Light dynamical quarks required 
Coarse lattice spacing 

Challenge for charm 
Continuum limit of two HQ methods 

Control of systematic uncertainty 
Ds meson spectrum 
fDs/fD 

Chris Maynard 
UKQCD 

November 2004 RBRC-U KQCD 
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Chid logs 

I Y 

Implies large systematic 
u ncertai n ty 

Extrapo15ate lattice data 
from 0.5crcI 

Cannot determine true 
.chiral limit 

I I 

0.5 1 .o 
r November 2004 RBRC v m ~ y u u  

5 



, 

Continuum limits of cham mass 

ALPHA-esque red 
and black combined 
continuum limit 

FNAL blue and 
M) green combined 

continuum limit 

Ag reemen t 3 
control of lattice 
artefacts at coarse a 

0.1 0.2 0.3 0.4 0 .s 
n ( G ~ V  jL 

November 2004 



B. Aubert et a/. (BaBar) Phys.Rev.Lett 
242001 Cited I62  times! 

Discovery of new narrow state 
- Mass - 2.32 GeV 
- Decays to D+, no Jp=O + ?  ( . )  

- Is it meson? 

Confirmed by Belle and CLEO 
- Other narrow states discovered 

November 2004 RBRC-UKQCD 



Ds Spectrum 

700 

600 

500 
.- > 
UJ 
2 400 
'-' 

Results consistent 
- 
- 
- 
- 
- - 
- 
-? ........................... ............................ - - - - 
- 
- - :: : ::: :::::::::: ::::: :::: - 

with mesonic 
interpretation 

Narrow width as 
0 state is below 

threshold and 
decay to pion 
channel is isospin 
suppressed 

November 2004 
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SU(3) flavor breaking ratio in 
hadronic matrix elements 

Oleg Loktik 
Columbia University 

RBC UKQCD Workshop 



Summary I 

, which is relevant f& B B s  

f;dBBd 
We reported on an attempt to calculate the ratio c2 = 

to CKM triangle fit, using a static formulation for heavy quarks and DWF 

formulation for light quarks. In particular, we are looking for any evidence of chiral 

log in the chiral limit. The preserved chirality, thanks to the use of DWF 

formulation, significantly simplifies the renormalization procedure. Moreover, the 

ratio itself is very stable against any variation in renormalization constants. An 

explaratory study was performed on a coarse l /a = 1.3GeV ,and small 

83 x 24 quenched lattice. The calculation on finer and larger, unquenched 

lattices is in progress. 
I I * I  

RBC UKQCD Workshop 
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\ /- 

Our Calculation 

0 Use DWF formulation for light quark 

-+ Allows to work at low quark masses 

-+ Preserved chirality significantly simplifies renormalization 

For heavy quarks since rnba > 1 we are forced to use some effective theory. 

HQET integrates out analytically heavy degrees of freedom. Full QCD Lagrangian 

is expanded in powers of l / r n b .  Take leading order. 

0 Static approximation for heavy quark (mg -+ 00) 

-t Easy to implement 

-+ Well-understood limit of QCD 

RBC UKQCD Workshop 
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B-BBar three-point correlators with static(stap1e) and DWF 
8jx24 lattice; 200 cone 1.3GeV; m= 0.025 
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c 
C-L 
00 
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0 

0 

Relativistic heavy quark action - review 

The relativistic heavy quark action can be written down as 

n 

where C = K s / K t .  

4 parameters in the action t o  be tuned: c, rs,  CE and CB, as a function of ma 
(set redundant parameter rt = 1). 

Fermilab approach: 
For on-shell quantities, rs = 1. Tune c NP and use tadpole improved clover 
coefficients for CE and C B .  

Aoki approach: 
Determine these 4 parameters from one-loop calculations via quark propaga- 
tor and quark-quark scattering diagram. 

UKQCD-RBRC workshop 2004 



NP determined Fermilab coefficients 

If;i> i j  !.tit>$ c , ~ .  . t.crjij .... +..# 

OB = 1.000, cE - 7.769 L-.X--+ 
+ c B =  i.769,cE=l.X9 !"X .. 
I-- el3 i 1 ?BB, rc i: i.000 : .-ii 

0.06 

\D 0.05 - 

0.04 - 5 

+ .. 
-' 0.03 - 
E' 

x 
8 ;  

0.02 - 
x 

0.01 - 

C will be easily to  determined from dispersion relation 
T h e  question is: can we determine both CE and CB? 

dEHH dEHH 

(E E)  
Result on 163x32 lattice with 153 
configurations with zero momen- 
tum: 

CE: 

Look a t  the energy in heavy-heavy 
a n d heavy- I ig h t system. 

0 
0.5 052 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 t=l1-16: 5.203793e-03 +/- 
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Heavy Quarks 
OLUAAB 1A UN W E  RS I'TY - IN THE CITY OF NEW YQRK 

)n-going pi 

s Le rn rn a r\/ J 

oject for relativistic heavj 

and outlook 
quarks i I  

Fixing the Fermila b parameters non-perturbatively. 

Investigating on-shell step scaling approach - high statistics needed 
Brief study with the one-loop Aoki coefficients with physics quantities being 
pursued - 2 + would be a foundation for tuning the NP coefficients. 
+ develop measurement system with perturbative coefficients 
Preliminary results show good qualities from spectrum data. 
D, 6 meson spectrum (S-states, P-states, radial excitations) with relativis- 
t ic heavy quark actions combined with DWF light quark on quenched and 
d y n a m ica I DW F con f i g u rat ions. 

J/+, T meson spectrum (S, P, radial excitations) with relativistic heavy 
quark actions combined with DWF light quark on quenched and dynamical 
con f i g u rations . 
Heavy light decay constants 

I 

UKQCD-RBRC workshop 2004 



D and D, on the Lattice with Domain Wall 
Fermions . 

Shigemi Ohta* 

Abstract 

RBC calculations of the D, and D meson mass pectrum with domain 
wall fermion (DWF) quark and DBW2 gauge actions are described. These 
calculations are driven by Norikazu Yamada who is now in KEK. The 
calculations have been carried out on quenched 3 GeV cutoff lattices. 
At the statistics with 64 gauge configurations, splitting between parity 
partners with total spin J = 0 and 1, A0 and Deltal appear degenerate 
when the heavy quark mass is set at charm quark mass or heavier. They 
seem to grow as we set the lighter quark mass lighter, Aud > A,. This is 
an on-going calculation with a tentative goal of 100 gauge configuration. 

'Inst. Particle and Nuclear Studies, KEK, Tsukuba, Ibaraki 3050801, Japan and RIKEN 
BNL .Research Center, Upton, NY 11973, USA 
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Many lattice numerical calculations exist , with 

0 clover/NRQCD/static heavy quarks and 

0 Wilson/clover light quarks. 

But no systematic study seems available for 

0 dependence on mlight, 

0 A,,, and A,,, degeneracy. I 

'.I 

This work, with DWF, we'd like to address these issues, as well as the absolute values of the splittings. 
+a u 
P 0 Why DWF? For this particular system, 

- O(a) error exponentially suppressed for up to 

* for the current lattice parameter, a-lw3 GeV 
mheavya 50.57 

1 

a.nd L, = 10, 
- well-controlled chiral extrapolation for miight. 

0 More generally, 

- more data expected from both B factories, and 

- comparison with heavy-quark effective models, 
- why not? 

.r/charm factories, 

1 e-02 
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Dependence on heavy quark mass: 

'0 0.1 0.2 0.3 0.4 0.5 
a mheavy 

0 A,,,: 417(70) MeV, 

- constant for mheavy 2 mcharm, 

- larger for lighter mheavy. 

0 A,,,: 401(74) MeV, 

- constant for all mileavy. 

0 A,,, and A,,, are degenerate for mheavy 2 mcharm. 

0 A,,J consistent with experiment, albeit with la,rge 
statistical errors. 

, 0 Kl(1270) - K*(892) splitting seems to support 
A,,,=constant . 



Dependence on light quark mass: 

0 A,: 571(177) MeV with three heavier mlight points, 

0 A,: 515(183) MeV with three heavier mlight points, 

0 Both seem consistent with experiments, 

- especiallly the moderate slope, 
- albeit with large statistical error. 



In summary: lattice calculatiolis with DWF/DBW2 at 3 GeV show 

0 Splittings between different parities consistent with experiment, albeit with large statistical errors. 

0 A,,, and A,,, are degenerate for rnheavy 2 rncharm. 

0 A, < Aud is likely reproduced. 

0 We need more statistics, 100 is planned and on-going. 
r 
h, 
00 

Future: extend to decay constants and beyond? 



Twisted Boundary Conditions and Application 
to Semileptonic Heavy-to-light Decays 

Jonathan Flynn 
University of Southampton 

This is a short note on using twisted boundary conditions for lattice 
quark fields in order to access a continuous range of momentum 
values, with application to calculating form factors for heavy-to-light 
semileptonic meson decays, in particular D to pi plus leptons. 
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Partial Twisting 

Chiral PT analysis by Sachrajda, Villadoro, 

J) Exponential suppression for quantities without FSI (masses, decay 
co n s tan t s, s e m i I e p t o n i c F F’s) 

J) Remains true for ‘partial twisting’: 8-BC for valence, PBC for sea 
C-L 
W 

Application to heavy-to-light semileptonic decays (eg: D + nlv) 
J) at  fixed quark masses: map out full q2 range 

J) chiral extrapolation: generate points at  fixed E = u pn  for 
different light quarks and avoid fitting to a model FF 
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Summary and Look to the Future 

Richard Kenway 
' School of Physics, The University of Edinburgh, Edinburgh, UK 

QCDOC offers 10- 100 times more computer power than ever before to generate 
ensembles with any particular lattice action. The current state-of-the-art is the MILC 
improved staggered ensemble, and so our goal should be to make a significant step 
forward from this data set. In the context of staggered quarks, we could make incremental 
improvements by generating bigger ensembles, with'larger'volumes, smaller lattice 
spacings, and/or smaller quark masses. MILC is planning to do this. But, to make a real 
impact, we need to extend the range of physics. The question is whether the technical 
challenges in controlling taste violation, applying partially quenched staggered 
perturbation theory and, possibly, dealing with non-locality, are too great. There is no 
prize for proving staggered quarks wrong! UKQCD also plans to carry out such an 
incremental improvement in the ensemble, and to extend the range of physics through 
using a variety of valence quark actions, such as DWF, HISQ and NRQCD. We estimate 
the resource required to be 6-8 months on 4 racks. 

The alternative is to employ a formulation with exact chiral symmetry. Since this costs 
much more, we must be sure we can really exploit the advantages of chiral symmetry by 
running with light enough quarks on big enough volumes. This demands a coarse lattice 
and, hence, a gauge action that gives smooth enough gauge fields to avoid non-localities. 
Thus, an essential first step is to find suitable values of the rectangle coefficients in the 
DBW2 action for 2+1 flavours. It is also necessary to focus on physics that needs good 
chiral symmetry, eg to control operator mixing and power divergences, so that, although 
the computer costs are high, the human time to physics is reduced. 

The computational costs will be an order of magnitude higher than staggered, even if we 
keep the u and d quark masses larger than 1/5 of the strange quark mass. We need around 
20 QCDOC racks to do this within 12-24 months. These can only be found by pooling 
the resources available to both collaborations, and so we need to agree on the action. If 
we are happy with the residual mass being around 1/10 of the u and d quark masses, then 
there is little to choose between the different formulations and we might as well use DWF 
that we know scales well for quenched QCD. If we need the valence residual mass to be 
much smaller, we can reduce both valence and sea residual masses by a factor of 100 at 
no more than 40% increased cost using the continued fraction Zolotarev formulation. 
Jointly, we are well placed to aim for a range of big targets, such as nucleon structure and 
kaon physics, nucleon decays and the neutron edm that might constrain physics beyond 
the SM, the existence of exotics like pentaquarks, the CLEO-c challenge to compute 
charm leptonic and semileptonic decays to high precision, and SU(3) flavour breaking in 
heavy-quark matrix elements needed for unitarity triangle tests at B factories. 

In the hture, we must look to petascale machines. The physics impact of QCDOC in the 
next 12-24 months will be critical in making the scientific case for this next big step. 
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summary and look to the future 
UKQCD + RBC - . starting point 

- MILC 2+1 flavour improved staggered ensembles are the state of the art . QCDOC + 10mlOOx increase in computer power per action 
- we must achieve a significant step forward . staggered quarks 
- 1 Ox ensemble sizes, lighter ud quarks, bigger volumes, continuum limit 

- for impact we need to extend the range of physics 

d 

0 these represent incremental improvements 

but are the theoretical challenges too great? 
control of taste violations, staggered POJPT,’ possible non-locality 

+ 
W 
P 

- there is no prize for proving staggered quarks are wrong 

- can we reach the chiral regime? 
- take the continuum limit? 
- we must use the chiral symmetry to reduce the (human) time to physics 

. (improved) DWF 

0 eg by controlling operator mixing and power divergences 

BNL 2004 Richard Kenway 



first steps 

reproducibility tests 
UKQCD + RBC - 

I - 1024-nsde machines ran for -24 hours wihcxtit everr correctable errors 
asqtad RHMC 163 x 64 reproducible for -1 00 trajectories on rack 1 
DWF HMC 163 x 32, L, = 12, reproducible over 5 trajectories on rack 2 

- incorporate tests (translate lattice relative to hardware) into production 
schedule 

I production runs 
w w VI 

- start on 1024-node machines as each passes basic tests 
R algorithm study to optimise DBW2 rectangle coefficients for gauge field 
smoothness with 2+1 flavour DWF 

0 start RHMC DWF 163 x 32,2+1 flavour ensemble generation 
- phase in 2048 and 4096 node configurations 

start asqtad 243 x 64,2+1 flavour ensemble generation (held back by SCU-PLB 
problem) . increase clock speed to 450 MHz 

- may help SCU link error rate 

BNL 2004 Richard Kenway 



asqtad staggered quark physics beyond MILC 
UKQCD + RBC - 

improvements relative to MILC ensemble 
- incremental 

? tuned Luscher-Weisz gluon action 
one high statistics ensemble, better control of continuum and chiral limits 

flavour singlets, various valence actions for light and heavy quarks 
- more physics 

- 6-8 months on 4 UKOCD racks 

0.06 continuum 
limit at 

fixed 
& quark mass 

4S3x64 1/5 3000 

0.125 

47% 

243X64 1/5 30000’ I 
I 

I I I I 

0,125 

0.09 1323x641 1/5 I 40001 

323X64 US.  4000 

1lYO 

lOY0 

17% 

flavour 
lc) singlets 

chiral limit 
at fixed 

lattice spacing 
mpsL > 4 

BNL 2004 Richard Kenway 



towards full chiral symmetry 
UKQCD + RBC - 

w (improved) domain wall programme 
- roughly 10-20 x cost of staggered ensembles even for m u .  dmS > 1/5 

- fermion action 
coordinate ensemble generation across QCDOC machines 

cost of all variants is similar if m,, - mud/10 . . . DWF has good scaling 
if we need valence m,,, << sea inres, can reduce both by 1/100 for - 40% extra cost using 
continued fraction Zolotarev formulation 

- gauge action 
r 
w 
4 light quarks -+ big lattices -+ coarse lattices -+ highly-improved gauge action 

2+1 flavours coarser than 2 + optimise DBW2 for smoothness 

we can’t afford to take longer! 
- 12-24 months on 20 racks 

9 we pay a lot for chiral symmetry, so use it and aim for some big targets 
mud, m, , K physics and hadron structure -+ full chiral symmetry 
excited and exotic hadron spectrum, eg pentaquarks 
rare decays, Ndecay, neutron edm -+ beyond SM physics 
charm leptonic and semileptonic decays -+ CLEO-c challenge 
unitarily triangle heavy-quark matrix elements --+ B Factories 

BNL 2004 Richard Kenway 



future machines 
UKQCD + RBC - 

is there a future for purpose-built QCD machines? 
- do we need them? 
- can we achieve better price/perfohnance and/or better single-system 

performance than for any other architecture? 
- can we get funding? 

actions 
c.’ 
w 
00 - make the science case 

- begin a design study aiming for $lOM/sustained Pflops or better 
- target UK call for proposals in May 05, decision in May 06 -+ start now! 

science case 
- QCDOC must make an impact in 12-24 months 4 ,  

- what are the physics objectives of a Pflops machine? 
- should the next machine must be optimised for (improved) DWF? 

some results in LatO5, domination in Lat06/07 

BNL 2004 Richard Kenway 
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Workshop on the Physics Programme of the RBRC and UKQCD QCDOC Machines 

Physics Department, Small Seminar Room 
November 12 -13,2004 

8:30 - 9:OO 

9:OO -10130 

10~30 -11~00 

1 l:oo -12:oo 

12:oo - l:oo 

1:OO - 1~30 

1 :30 - 3~30 

3~30 - 4:OO 

4100 - 5:30 

6:30 

t 

Friday, November 12 : 

'"Visit BNL Housing Office, Bldg. 179B) to pay for accommodations 
(Not possible Thursday, BNL closed for Veterans' Day Holiday) 

MachineKode Status, Reproducibility Tests, Production Runs [Mawhinney] 
(Boyle, Dawson, Jung, Clark, Kenway, M.Lin, Mawhinney) 

Coffee 

Physics on Improved Staggered Ensembles [Maynard] 

11 :00 - 11:30 Mixed Actions (Maynard) 
11~30 - 12100 RMT (Hart) 

Lunch 

**Visit Human Resources, if necessary, to complete security procedures (see your folder) 

Physics on DWF Ensembles (A) [Ohta and Maynard]: 

1:30 - 1 :45 
1 :45 - 2: 15 
2:15 - 2:30 
2:30 - 3:OO 
3:OO - 3:30 

Ordinary Hadron Mass Spectrum and Decay Constants (Dawson) 
Excited and Exotic Hadron Mass Spectrum (Maynard and Doi) 
Nucleon Axial Charge and Structure Function Moments (Orghos) 
Nucleon EM Form Factors and Neutron edm (Yamaguchi and Blum) 
Nucleon Decay (Tweedie and Ohta) 

Coffee 

On-Shell Chiral Fermion Algorithms [Kennedy] 

4:OO - 4:45 
5:OO - 5:20 

Testing 5D Chiral Operators (Joo) 
Moebius Fermions (Orghos) 

Dinner 

141 



Saturday, November 13: 

9:OO - 10~30 

10~30 - 11100 

11~00 - 12~30 

12~30 - 1:OO 

l:oo - 2:oo 

2100 - 4100 

Physics on DWF ensembles (B) Kaon Matrix Elements, em Effects [Christ]: 

9:OO - 9:15 

9:20 - 9:35 
9:40 - 9:50 
9:55 - 1O:lO 
10: 15 - 10:30 

Delta I = 1/2 Rule and CP Violation using Chiral Perturbation 

K-pi-pi Decays (Yamazaki) 
K-pi-pi Decays (Christ) 
8-2 and Electromagnetic Splitthgs (Blum) 
8-2 light-by-light Scattering & Electromagnetic Splitting (Izubuchi) 

Theory with and without Active Charm (Noaki) 

Coffee 

Physics on DWF Ensembles (C) [Flynn]: 

11:OO - 11:20 
11 :30 - 11 :50 
12:OO - 12:20 

'SU(3) Flavor Breaking in Hadronic Matrix Elements (Loktik) 
Relativistic Heavy Quark Actions (H.Lin) 
D-meson Spectroscopy with DWF (Ohta) 

Summary and Look to the Future (Kenway) 

**Lunch (beware, serving of lunch stops at 1:30pm; only snacksfiom 1:30-2:OO) 

Informal Meetings 
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Additional RIKEN BNL Research Center Proceedings: 

Volume 68 - Workshop on the Physics Programme of the RBRC and UKQCD QCDOC Machines - BNL- 
Volume 67 - High Performance Computing with BlueGeneL and QCDOC Architectures - BNL- 
Volume 66 - RHIC Spin Collaboration Meeting XXIX, October 8-9,2004, Torino Italy - BNL-73534-2004 
Volume 65 - RHIC Spin Collaboration Meetings XXVII (July 22,2004), XXWZ (September 2,2004), XXX 

Volume 64 - Theory Summer Program on RHIC Physics - 3NL-73263-2004 
Volume 63 - RHIC Spin Collaboration Meetings XXN (May 21,2004), XXV (May 27,2004), XXVI (June 

Volume 62 - New Discoveries at RHIC, May 14-15,2004 - BNL- 72391-2004 
Volume 61 - FUKEN-TODAI Mini Workshop on “Topics in Hadron Physics at RHIC”, 

Volume 60 - Lattice QCD at Finite Temperature and Density - BNL-72083-2004 
Volume 59 - RHIC Spin Collaboration Meeting XXI (January 22,2004), XXII (February 27,2004), XXIII 

Volume 58 - RHIC Spin Collaboration Meeting XX - BNL-71900-2004 
Volume 57 - High pt Physics at RHIC, December 2-6,2003 - BNL-72069-2004 
Volume 56 - RBRC Scientific Review Committee Meeting - BNL-71899-2003 
Volume 55 - Collective Flow and QGP Properties - BNL-71898-2003 
Volume 54 - RHIC Spin Collaboration Meetings XVII, XVIII, XIX - BNL-7175 1-2003 
Volume 53 - Theory Studies for Polarizedpp Scattering - BNL-71747-2003 
Volume 52 - RIKEN School on QCD “Topics on the Proton” - BNL-71694-2003 
Volume 5 1 - RHIC Spin Collaboration Meetings X V ,  XVI - BNL-71539-2003 
Volume 50 - High Performance Computing with QCDOC and BlueGene - BNL-71147-2003 
Volume 49 - RBRC Scientific Review Committee Meeting - BNL-52679 
Volume 48 - RHIC Spin Collaboration Meeting X N  - BNL-71300-2003 
Volume 47 - RHIC Spin Collaboration Meetings XII, XIII - BNZ-71118-2003 
Volume 46 - Large-Scale Computations in Nuclear Physics using the QCDOC - BNL-52678 
Volume 45 - Summer Program: Current and Future Directions at RHIC - BNL-71035 
Volume 44 - RHIC Spin Collaboration Meetings VIII, My X, XI - BNL-71117-2003 
Volume 43 - RIKEN Winter School - Quark-Gluon Structure of the Nucleon and QCD - BNL-52672 
Volume 42 - Baryon Dynamics at RHIC - BNL-52669 
Volume 4 1 - Hadron Structure from Lattice QCD - BNL-52674 
Volume 40 - Theory Studies for RHIC-Spin - BNL-52662 
Volume 39 - RHIC Spin Collaboration Meeting W - BNL-52659 
Volume 3 8 - RBRC Scientific Review Committee Meeting - BNL-52649 
Volume 37 - RHIC Spin Collaboration Meeting VI (Part 2) - BNL-52660 
Volume 36 - RHIC Spin Collaboration Meeting VI - BNL-52642 
Volume 35 - RlKEN Winter School - Quarks, Hadrons and Nuclei - QCD Hard Processes and the Nucleon 

Volume 34 - High Energy QCD: Beyond the Pomeron - BNL-52641 

(December 6,2004) - BNL-73506-2004 

1 , 2004) - BNL-72397-2004 

March 23-24,2004 - BNL-72336-2004 

(March 19,2004)- BNL-72382-2004 

Spin - BNL-52643 
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Additional RIKEN BNL Research Center Proceedings: 

Volume 33 - Spin Physics at RHIC in Year-1 and Beyond - BNL-52635 
Volume 32 - RHIC Spin Physics V - BNL-52628 
Volume 3 1 - l2HIC Spin Physics HI & IV Polarized Partons at High Q"2 Region - BNL-52617 
Volume 30 - RBRC Scientific Review Committee Meeting - BNL-52603 
Volume 29 - Future Transversity Measurements - BNL-52612 
Volume 28 - Equilibrium 2% Non-Equilibrium Aspects of Hot, Dense QCD - BNL-52613 
Volume 27 - Predictions and Uncertainties for RHIC Spin Physics & Event Generator for RHIC Spin Physics 

Volume 26 - Circum-Pan-Pacific RTKEN Symposium on High Energy Spin Physics - BNL-52588 
Volume 25 - RHIC Spin - BNL-5258 1 
Volume 24 - Physics Society of Japan Biannual Meeting Symposium on QCD Physics at RIKEN 

Volume 23 - Coulomb and Pion-Asymmetry Polarimetry and Hadronic Spin Dependence at RHIC Energies 

Volume 22 - OSCAR II: Predictions for RHIC - BNL-52591 
Volume 21 - RBRC Scientific Review Committee Meeting - BNL-52568 
Volume 20 - Gauge-Invariant Variables in Gauge Theories - BNL-52590 
Volume 19 - Numerical Algorithms at Non-Zero Chemical Potential - BNL-52573 
Volume 18 - Event Generator for RHIC Spin Physics - BNL-5257 1 
Volume 17 - Hard Parton Physics in High-Energy Nuclear Collisions - BNL-52574 
Volume 16 - RKEN Winter School - Structure of Hadrons - Introduction to QCD Hard Processes - 

Volume 15 - QCD Phase Transitions - BNL-5256 1 
Volume 14 - Quantum Fields In and Out of Equilibrium - BNL-52560 
Volume 13 - Physics of the 1 Teraflop R1KEN-BNL-Columbia QCD Project First Anniversary Celebration - 

Volume 12 - Quarkonium Production in Relativistic Nuclear Collisions - BNL-52559 
Volume 11 - Event Generator for RHIC Spin Physics - BNL-66116 
Volume 10 - Physics of Polarimetry at RHIC - BNL-65926 
Volume 9 - High Density Matter in AGS, SPS and RHIC Collisions - BNL-65762 
Volume 8 - Fermion Frontiers in Vector Lattice Gauge Theories - BNL-65634 
Volume 7 - RHIC Spin Physics - BNL-65615 
Volume 6 - Quarks and Gluons in the Nucleon - BNL-65234 
Volume 5 - Color Superconductivity, Instantons and Parity (Nan?)-Conservation at High Baryon Density - 

Volume 4 - Inauguration Ceremony, September 22 and Non -Equilibrium Many Body Dynamics -BNL- 

Volume 3 - Hadron Spin-Flip at RHIC Energies - BNL-64724 
Volume 2 - Perturbative QCD as a Probe of Hadron Structure - BNL-64723 
Volume 1 - Open Standards for Cascade Models for RHIC - BNL-64722 

III - Towards Precision Spin Physics at RHIC - BNL-52596 

BNL Research Center - BNL-52578 

- BNL-52589 

BNL-52569 

BNL-66299 

BNL-65 105 

64912 
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