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Boston 2002

Panel discussion on chiral JN'fZC_D (200221 N
extrapolation (chaired by S. =G (WO R SRS e
Sharpe) e

e Chiral log not seen. ﬂ-3§—u=lﬂmmvdcm} E

« Sea quark masses too large N E 5
for controlled extrapolation. i :
— Introduce a model 7 = E
dependence. 04F == 1= o (chiral log + quad)]
— Extraction of LECs 00 20 4!2 %o
unreliable. T

VR — Motivation for
* Maybe, the stanaard y . :
not applied for Wilson much lighter sea quarks

fermion (nor staggered) * exact chiral symmetry
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Advantages

With the overlap fermion...,

e Standard yPT applicable.
— No need of “continuum limit before chiral limit”
— No need of WyPT, SyPT = fitting with many
parameters
o Chiral limit exists.

— Not the case for Wilson-type fermions =
unphysical 15t order phase transition before
reaching the chiral limit (Sharpe-Singleton).

e g-regime possible.
— New frontier. No chiral extrapolation needed..

All at finite a
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Why not domain-wall?

Far better than Wilson/staggered. Still...,

e Approximate chiral symmetry

— The problems we just discussed may persist to
some extent (tiny but non-zero).

. Flexibility

— More opportunity of improvement for overlap;
even the 5D solver can be used.

« RBC has already done a tremendous job
with domain-wall!
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Expensive?
Yes. Cost Is the problem. But,

Stag < Wil << DW < ov

) . . )
naively..., X 4 X L X ?7?
N J N J
Y Y

Need continuum extrap.

for controlled chiral extrap. _
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JLQCD collaboration

« Members from Dynamical overlap
— KEK, Tsukuba, e Two-flavor QCD
RIKEN, Kyoto ~ a=0.12 fm, 163x32
— Collaboration with Cmo=m/6~m
TWQCD, Seoul a 3 S .
: — 10,000 HMC traj done
« New machine at at 6 m,
KEK_ — measurements on-
— Since March 2006. going
— Hitachi SR11000, e ¢-regime (two-flavor)

16 nodes, 2.15 ~ a=0.12 fm, 163x32

TFlops peak. h

— IBM BlueGene/L 10 - mg=3Mev
racks, 57 TFlops — 4,600 HMC traj. done
peak.
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IBM BlueGene/L

PLB (4:1)

2.7GB/s

5.5GB/s
11GB/s
o
B i 4MB
] Shared .
Multipo If_3||izunm 102s | HESNE nack
256 [ | gp or = 32 Mode Cards
— 45 e
e 22GB/s|
256 Includes ECC
] 256
!I 128
o ﬁ Torus | | Collective Global
i i f f Interrupt Hode Card
Ghit ITAG :5'!“": . :_'“‘“‘: , dng“ 144 bit wide (32 chips 4=d=2)
thernet each a each a al DDR
E 1:cw;nk z?mﬁﬂ,m barriers or 156/517MB 16 {::nmpute, 0-2 10 cards
interrupts
Compute Card

2 processors

2 chips, 1x2x1

Chip D0/180 GF/s
16 GB RAM

568M1.2 GF/s

<& 1.0 GB RAM

2.85.8 GFis
4 MB Cache

2.8/568 TFis
512 GB RAM

System
G4 Racks, B4x32x32

10 Racks
57 TF/s




Plan of this talk

1. Overlap-Dirac 3. Pions and Kaons
operator e Low-Mode
« Spectrum of Hy, Preconditioning
« Topology conserving * Low-Mode Averaging
action e Chiral log
» Topology issues  Other targets
* Locality 4. g-regime
2. Dynamical overlap « Simulations
* Implementation/ » Eigenvalue spectrum
Improvement * prospects

An overview: Details will be
sholHashi covered by other members.
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Neuberger fermion

Neuberger’s overlap fermion (1988)
1
D 25[14'7/5 Sgn(Hw)]

— Exact chiral symmetry through the Ginsparg-
Wilson relation.

— Extensively tested in the quenched approximation.

Numerical cost depends on
— Spectrum of H,
— Approximation of sgn(H,,)

» Main issues in the implementation

Mar 15, 2007




Spectrumof H,,

Non-zero density of
near-zero mode

(Edwards, Heller, N
1 ) * Near-zero modes can
p(ﬂw)—V<Z5<ﬂf. ﬂw>> Narayanan, 1998) be treated exactly; the

Plaquette gauge, el | e rest may be
approximated.

=5.83
' e But, many near-zero
“Lﬁ modes have to be
_ — projected out.
— Can be reduced by

<
e
(=%

— It comes from improved actions and/or
dislocations (local fat-link, but never
lumps of gauge become zero.
field)

Serious (practical) problem
for overlap
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Near-zero mode suppression

Obvious solution =

Introduce unphysical Plaquette gauge,
(heavy negative mass)  P=>:83,#=0;$=5.70, u=0.2
Wilson fermions (vranas, onf [T RIS
JLQCD, 2006)
(:;D.GDS-
detH,, (-m,)* E

— QOur choice 0009513
det HW (_mO)2
H,, (—my)? + 1° Completely wash-out
to minimize the effectin [ tE JUEEN=ZE modes.
UV region. Overlap is much faster.
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Topology conserving action

Zero probability to have < If the MD-type

an exact zero-mode algorithm is used, the
global topology never
I changes.

n | — Provided that the step
No chance to tunne size is small enough.

between different P
topological sectors. "

FR, R, WS iy 2 E
fietmogy 1 Ay
s ; [
0 B '-K'.: ;

. |
< 00F

History of low-lying mf
eigenvalues
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Topology Issues

Criticism:
« With the fixed topology simulations, global

topology is not correctly sampled. This is
not the 0 (=0) vacuum.

My answer:

e Exactly. This is the problem for all of us.
Topology tunneling is suppressed as one
approaches the continuum limit with any
gauge/fermion action.

= property of continuum gauge theory
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How the physics affected?

 Finite volume effect

— When the volume is large enough, the
global topology is irrelevant.

— Topological charge fluctuate locally,
according to y,, topological susceptibility.

Theoretical argument: Numerical evidences:
= Onogi’s talk = Chiu’s talk
06=0 physics can be extracted Topological susceptibility can be
from the fixed volume calculated from local

simulations. guantities.

Mar 15, 2007 Shoji Hashimoto (KEK) 15




Locality

e Overlap operatoris not < In our case,

ultralocal, but — pw(0) =0
— Exponentially local if — Near-zero modes
there is a lower bound are localized.

on the spectrum of HW
(Hernandez-Jansen-

Luscher (1999)). . Yamada @ lat06

I T ] +—e 0.0768-0.0792
oo (.1440-0.1464
a—e 0.1920-0.1944
2 (1 7376-0.2400
o 02B80-0.2004
_ N o7 02976-0.3000

" Dynamical, =230, m=0.025

— |solated near-zero oorfh®
modes are okay.

— Even when p,(0)0, still & e
local if the near-zero
modes are localized. et

F
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Mobility edge

Golterman-Shamir-Svetitsky o | ocality
(2003)

. o x-y
the point where the Dy, (X, Y)) "ﬂp(ﬂ)exp(— 21 (2)
. I
eigenmode becomes Oy expl- 2 [x—y)
extended. O epl-Af—y
S — Dy, is more local than the
B e e ] expectation.
% o . — Correspondence is non-
= f : trivial even in the free case.
M e e
DD 005 01 ©015 02 0325 03 035 04 Eﬂ.ﬁ— A UI:'Dymnnml & L::l?l}«n.ﬂmi:al ]
Al g |
! £ . ‘
Ao 3t 2
Mar 15, 2007 Shoji Hashimoto (KE“ | |




| overlap



Dynamical overlap

Recent attempts: This work:
 Fodor-Katz-Szabo
(2003) « Fixed topology: no
— Reflection/refraction reflection/refraction
trick required.
e Cundy et al. (2004) . Large scale
— Many algorithmic simulation with L ~ 2
|mprovements fm m.~m /6
« DeGrand-Schaefer B
(2_0|(2§3_"nk * Pion/kaon physics

— Some physics results ~ * €-regime
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HMC implementation

e Sign function: e Mass preconditioning
— partial fraction, after (Hasenbusch)
projecting out a few det[D (m)z]:
near-zero modes i ,
— N =8-10. §~10-7-9 det[D (m')z]det Dy, (M)°
y U ov DOV(mI)Z
— Multi-shift CG
— relaxed precition as o Multi-time step
the outer CG — Inner-most loop =
proceeds. gauge + extra-Wilson

— Kaneko’s talk
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5D solver

Significant speed-up by
the “5D” solver.

* Inversion of partial
fraction

R H+H
e |nversion of 5D matrix
({ # _ /& 0
—/@m —H VP2
H —/@ 0
—m  —H W Pl
{ D Pz 0 VPl | Bvs + poH

Neuberger, Borici, Edwards et al.

II:I-l.l 1 1
oo Acain’ 1Lt T
daali ol Ty

 a factor of 5 faster

e the low-mode
projection cannot be
applied.

Mar 15, 2007

= Kennedy’s talk

shima

Used with less precise
sgn func; corrected later
by noisy Metropolis




Parameters

history of N,

e [3=2.30, a=0.12 fm,
163x32
e 6 sea quark masses

m, = 0.015 ... 0.100,
coverlng m/6 ~M,

10,000 HMC traj.

1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 1
0 00 1000 1500 2000

— ~4,000 with 4D BMC |
solver mme VS s gutocorrelation

— ~6,000 with 5D ; | o e
solver “ :

« Q=0 sector only, o
except Q=-2, -4 A4
runs at m;=0.050 P oea® o s
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Low mode preconditioning

Time for measurement Another virtue of overlap

IS not negligible e Df(m)D(m) reduced to ~
e Atleast 12 D'(0) D(0)+m?2

Inversions per conf. — multi-shift solver can be
« often done many used.

times for various « Common eigenvec’s

measurements. — once store the

eigenvec’s of D(0), then
use as a preconditioner.

(1_2(/% +m)u, (X)UE(Y))D(m) _
2 Speed-up by x 8, with

50 eigenpairs.

Mar 15, 2007 Shoji Hashimoto (KEK) 24




Low mode averaging

DeGrand-Schaefer (2004), |D;'(xy)= i( A, +m) u, ()ul (y) + DV (x, )
Giusti et al. (2004) =

Low modes are all-to-all

pion effective mass
— Average over source

points oan [fon=neostums
ﬁﬁiﬁ*#giffﬁgi*;
Meson correlator EE“-%" ﬁ%? L 5
C(X’ y): _I_Chh(x’ y) En.m- Eﬁ' ﬁﬁﬁﬁﬁliﬁij-.
+C" (x,\Y)+C'h(x, y) a %ﬁ%.ﬂ.ﬁﬁﬁ'

t

This piece can be averaged.
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Chiral log?

Data points now Testing with
extended down to * m2/m,
m./6 with exact chiral « f_
symmetry.

Is the chiral log seen?

5 5 : I Nf?,Wilmnfnmnn' (-EEK}S}E
L —-- chiral log (unconstraimed) ||
L: _Nf m, mﬂ_|_... it = !
f 2 (4rf)? A2 : [+ 2 o o)
l“'I'El.lll I ZI.D I 4-.Iﬂ I ﬁ.lﬂ
(rmpg”

— Noaki’s talk
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Other targets

« By  Form factors
— measurements/analysis B E:(?ncsh:rﬁelersgrl:isc
on-going. form factors
ARERRE planned
0.6 7
% ost '~' 1« Flavor singlet
S 0 maz001s planned
3 o : i | .
B o e @ 1=2 T SCaAttering
2T --— chilidof=1.4, =120027) MeV 7
] | | | . measurement/
02 c:)I - I0.05I - Ia:).lI - ::).15; - I0.2I - b.zs I _ I
. analysis on-going

 Heavy quarks

— Yamada’s talk a D? cay constant
— B"Br coupling

Mar 15, 2007 Shoji Hashimoto (KEK) planned







Near the chiral limit

Entering the e-regime: @ @ &) @

. Pion iS nearly (Damgaard, Nishigaki, 2001)
massless. « Info on the Dirac
« Compton wavelength operator eigenvalue
IS longer than the spectrum through
lattice extentm L <1 7 =7
o QCD yPT
* Finite momentum (Leutwyler-Smilga, 1992)

mode Is suppressed. More detailed

Ler =XTr[M(U +U")] analytical info through
 Dependence on Chiral Random Matrix
topological charge Theory (yRMT)
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Simulation In the eg-regime

« Harder, but not N R =T
prohibitive Bt S

— Cost grows rather mildly. s ] =__

— Condition number is Laif TN i
governed by the first & vl o 1

eigenvalue, not m 800 " o0F 006 008 010 0:12

"1 — First eigenvalue is lifted by
the fermion determinant.

Hﬂﬂk‘z”nz)

K

S T - T - B B - |

— Auto-correlation is longer.
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Eigenvalue spectrum

Simulation parameters; | SPectral densiry

— p=2.35,a=0.11 fm, e
16°x32,6m, + 1 o] |2

- m, = 3 MeV reached. g |
mlL~1 .

— 4,600 HMC traj. no e

— 50 pairs of eigenvalues _
otraj. Banks-Casher relation

—(py) =7 p(0)

— Chiral symmetry restored in
the massless limit (fixed V)
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Comparison with yRMT

eigenvalue ratios

10
N70,0=0 [ N=2, 0=0 [ N=0, 0=2

YRMT i st

e Equivalentto yPT at the « %
LO in the ¢-expansion. | & _
+ Predicts eigenvalues of .5, .z .= . ;:%-
D in unit of A2V. N
— (A2V =4.30 flavor-topology duality
— (A)ZV =7.62 observed.
for Ni=2, Q=0.
e ¥ may be extracted from g &
average eigenvalues. ¥4y
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Extraction of X

 The lowest eigenvalue is « Z-factor calculated using
most reliable: less the NPR technique.
contaminated by bulk e
modes. Zs~(2GeV)=1.14(2)
5 4.30
(AN  Final result;
 NLO in the g-expansion for ZW (2GeV) =
chiral condensate: .
{ Nio1 } [251(7)(11) MeV]
1+ L
N, (FL)* . .
— Final error is our
about 13%. But not known estimate of the higher
for individual eigenvalues. order effects in «.
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Other applications

 Meson correlators e Eigenvalue correlations
(Damgaard et al., 2002) (Damgaard et al., 2006)

— in the e-regime — with imaginary chemical

— can extract f_ potential

— NLO calculation — can extract f,

possible/available.
measurement/

measurement/ analysis on-going

analysis on-going

e 3-pt functions
(Hernandez-Laine, 2006)  Wide variety of
— Several B parameters applications, all without

chiral extrapolations.

— Hernandez’'s talk | Shoji Hashimoto (KEK) 34







Current plans

 Two-flavor simulation has
done.

— At a single lattice
spacing a=0.12 fm
— On a 163x32 lattice
— 6 m, x 10,000 traj.
 Possible directions of
Improvement
— Smaller a
— Larger L

on a 243x48 lattice.

Mar 15, 2007

o 2+1-flavor simulation
— Necessary extension
— Easier with overlap

(det H2 factorizes to det H,?2
and det Hz?)

* Right now, running
— 2+1-flavor at a=0.12 fm.
— 163x48 lattice

* And, many physics
measurements...
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Summary

 Dynamical QCD with exact chiral
symmetry Is feasible and promising.

— No restriction in the light quark mass.
Much better control of chiral
extrapolation.

— The g-regime is within reach.
— Many new techniques, new applications

New frontier of lattice QCD simulations
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