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Nobel prize in physics (2008)

Nf or the discove
of spontaneous broken symmetry in;
subatomic physic

Chiral symmetry is one of the most subtle vqichiro Nambu
features of massless Dirac fermion,

as a conseqguence of relativity + QM.
Chiral symmetry leads to the conservation
of the chiral charge (handedness).

Nobel prize (1/2)
Physics 2008

If the chiral symmetry is spontaneously broken, then there
existsmassless$soldstone bosons (the number of GBs is
equal to the number of broken generators).
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Now, If the fermion has a small mass g(efrom EW breaking)
then the mass of the Goldstone bosoralbeh a

S 1y} =limlm ST(D ™A

S .0 Uchiral symmetry is spontaneously bno

A longstanding problem in particle phgsiis to show
that the chiral sym. I IC Is spontaneousigken.

T.W. Chiu, Trento, Sept 9, 2009 3



Spontaneouschiral symmetry breaking in QCD was
reproduced onthe supercomputerIBM BlueGenéL
(57 Tflops peak performance)at KEK, Japan.

[JLQCD and TWQCD Collaborations, Phys. Rev. Lett.98(2007)172001;
Phys. Rev. D76 (2007) 054503, Phys. Rett. 101(2008) 202004]
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N.,=0,Q0=0|N,=2,0=0 Nf=o,0=2
(m=3MeV)

Eigenvalues of quarks : QCD in a small box has discrete
eigenvalues of quarks. This plot shows their ratios. "2/1",
"3/1" etc. denote the ratio of seconeto-first or third -to-
first eigenvalues.

SVS(2 GeV) = (251° 7 °11 MeW)

[JLQCD and TWQCD Collaborations, Phys. Rev. Lett.98(2007)172001;
Phys. Rev. D76 (2007) 054503, Phys. Rett. 101(2008) 202004]
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OUTILINES

A Introduction
ATopologicalcharge inQCD
A Topological susceptibility and

Second Normalized Moment
ATopological Clusters in theQCD Vacuum
A Conclusions and Outlook
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The Challenge oQCD

At the hadronic scale,g(r). 1, perturbation theory is
Incapable to extract any quantities fromQCD, nor to tackle
the most interesting physics, namely, thepontaneously
chiral symmetry breaking and thecolor confinement

To extract any physical quantities from the first principles
of QCD, one has to solv&)CD nonperturbatively.

A viable nonperturbative formulation of QCD was first
proposed byK. G. Wilsonin 1974.

But, the problem of latticefermion, andhow to formulate
exact chiral symmetry on the lattice had not been
resolved until 1992 -98.fr + ABDT AT h . AOAAOCAOh



Lattice QCD

The QCD action S= S (U) v OU)y
where S.(U) is the action of the gluonléis

YyDU) ¥t %DiU)anny ¥y

f=z=udschbt flavor index
ab= 123 colordex
a b=234 Diracindex

X, ¥=17 , Nyee ™ NN, N N ste index

For example, on th&6°3 32 latticB, is a cdexpmatrix
of sizel,572,864 1572,864

AU dD(w H)eS  R( DY, Udet(D) e

PWyU))= FlUd7dyes (iidet(D ) &
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The Challenge)of Lattic€)CD

Y To have lattice volume large enough sticd m, L2 1.
So far, the lightest u/d quark cannotpgaé on the lattice.
Rely on ChPT to extrapolate lattiessults to physical one:

Y To havel attice spacing small enough stidim,a0 1.

Y To meet the above two conditions:

The lattice size should be at lea60°3 200
The computing power should be at tdastaflops yee
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The state-of-the-art in the simulations of
ungquenched LQCD with exact chiral symmetry

ARBC and UKQCD Collaborations (~20 -25 members)
QCDOC, A0+10) Tflops(peak), ~(2+2) Tflops(sustained)
lattice fermion: Domain-Wall Fermion
lattices: 16°3 32 31€ 24%3 48 31¢ 32°3 54 31¢

AJLQCD Collaboration (~10-15 members)
IBM BlueGenélL, ~ 57 Tflops (peak), ~ 8 Tflops (sustained)

lattice fermion: Overlap Fermion (with fixed topology Q=0)
lattices: 16°3 32 16°3 48

ATWQCD Collaboration (~7-10 members)
GPU cluster, ~ 120flops (peak), ~ 14 Tflops(sustained)
lattice fermion: Optimal DomainWall Fermion
lattices: 16°3 (32,10,8,6,4)3 (16,3:
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The Hardware of T WQCD 0 s PiD)&LF

A 16 units of Nvidia Tesla S1070
(total 64 GPUs, 64 x 4 GB)
connected to 16 servers
(total 32 Intel QC Xeon, 16 x 32 GB)

A 54 Nvidia GTX285 (total 54 GPUs,
54 x 1 GB), connected to 40 servers
(total 40 Intel i7, 40 x 12 GB)

A Hard disk storage > 300 TB
(Lustre cluster file system)

A Peak performance is 120 Tflops

A Developed efficient CUDA
codes for unguenched lattice QCD.

A Attained 14 Tflops (sustained)
with a price US$200,000.
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