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Comparison of Chemistry & QCD : K. Wilson (1989 Capri):

Olattice gauge  theory could also require a

108 increase in computer  power AND
spectacular algorithmic  advances before useful interactions with
experiment . . . O

A ab initio Chemistry A ab initio QCD

1. 1930+50 = 1980 j 1. 1980 + 50 = 20307?7*

2. 0.1 flopsC 10 Mflops 2. 10 MflopsC 1000 Tflops
3. Gaussian Basis functions 3. Clever trscale Variable?

nNAl most 20 Year s /z;head of S C h €

"Fast Computers + Smart Algorithms + Rigorous QCD Theoretical Analysis
= ab initio predictions

o Thomas Jefferson National Accelerator Facilit
.!effegnn Lab ! @ @m



Forces In Standard Model

Nuclei Weak
N=2 (Isospin)
Atoms: Maxwell
N=1(charg® proton
electron @+ neutron

|

Sub nuclear: Strong
Standard Model: U(1§ SU(2)E£ SU(3) N=3 (Colod
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Quantum Chromo Dynamics - QCD

A QED: theory of electromagnetism
A QCD: theory of strong interactions i hadronic physics

QED

QCD

Photon, g

Gluons, G

Charged particles, e, m

d, GQuarks:u,d,s,c,b,t

2 charges: positive & 3charges:nr edo, ngree
negative Abl ueo
Photon is neutral Gluons carry color charge
a, ' 1/137 a.' 0(1)

A Highly non-linear theory i can only use perturbation theory at high

energy
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Quark+antl - Quark in Meson




I Energy
| densityin
the color
field
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Energy in glue
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3 Color C 3 quarks in Proton




QCD

A QCD: Dirac operator: A, (vector
potential), m (mass), °. (4x4 matrices)

D(A,m) = —i Zizl Vo <% + z'eA,,(a:)) + m

A Lattice QCD : finite difference  —

A Probability measure:

dp = e~ det(D(A, my,)) det(D(A, Maown)) det(D(A, Mgtrange))

A Observables:
(0) = [ duO(4)
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Gauge generation

How to produce gauge fields? omentumm Total energy in
gauge/quark
A Hami | t on Btorder cpiped \ / fields
di f f . eqods) Surface of constant H = % p? + S(A)

A Bummer!
0 Must be Orever si
d No adaptive time steps

Selecting new
omenta boosts to
new energy surface, so
all phase space can be
explored
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Cost Scaling

N

A Costtreasonable statistics, b o X
A Extrapolate in lattice spacings: 10 ~ 100 PF -yr

100£ 3
A /E E
10 =
PF-years : ]
N E E
: [ ——— :
— a=0.09m

- — a=0.06fm —
0.01 § — a=0.04fm §
C a=0.03fm ]
- # PAC-CS, a=0.091fm, L=29fm, m_L=2.2 .
L - ;

ool L1 | | L | | I R |
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m_ (MeV)
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USQCD National Effort

A US Lattice QCD effort: Jefferson Laboratory, BNL and FNAL

BNL
RHIC Physics

FNAL
Weak matrix
elements

JLAB
Hadronic Physics

/V
SciDAC 8 R&D Vehicle 4

@ Cluster Prototyping
@ Software R&D

INCITE resources + USQCD cluster facilities:

Impact on DOEG High Energy & Nuclear Physics Program
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SciDAC Software

Application Layer

QCD fri endibsy AF

A Application codes Chroma (cps I/Mn_c: ‘

A High level ( Linpack-like)

4 Level 3: Optimization

A Data parallel (C/C++)

Level 2: Data Parallel

A Linear algebra,

threading, comms Level 1: Basics

T e

. + tools from collaborations with other SciDAC
http://www.usqgcd.org projects e.g. PER)
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http://www.usqcd.org/usqcd-software
http://www.usqcd.org/

QDP/C++ Expressions

. Can form expressions:

c,/(X)=U V(x+nu) b /(x) +2d ' (x) for all sites x

. QDP++ code (data-parallel)

multild< LatticeColorMatrix > U(Nd);
LatticeFermion c, b, d;

Nt nu, mu;

¢ = shift(u[mul], FORWARDuU)*b + 2*d;

. Template based
. Shifts use QMP for face comms
. Level-1 BLAS-like linear algebra core
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Critical code: Dirac operator/inverter

A Critical codes: develop special APl and libraries

A Example: Dirac operator
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