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introduction introduction

1.1 introduction: JLQCD collaboration

@ JLQCD: studying lattice QCD using computers at KEK

@ members:
KEK: S.Hashimoto, TK, M.Matsufuru, M.Okamoto, N.Yamada
RIKEN: H.Fukaya
YITP: T.Onogi

Tsukuba: S.Aoki, K.Kanaya, A.Ukawa, T.Yoshie
Hiroshima: K-l.Ishikawa, M.Okawa

@ —2005: w/ Hitachi SR8000/F1 (1.2TFLOPS)
N;=2, a~'~2GeV, plag. + NP clover
Ny=2+1, a—0, lwasaki + NP clover (w/ CP-PACS Collab.)
@ heavy sea quark masses muq 2> ms phys/2
@ chiral symmetry breaking = haven't calculated Bk, ...
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1.2 new supercomputer system @ KEK

@ new machines were installed at KEK this year

Hitachi SR11000 IBM Blue Gene/L

@ 16 nodes @ 10,240 nodes
@ 2.15 TFLOPS @ 57.3 TFLOPS
@ 512 GB memory @ 5TB memory
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introduction introduction

1.3 JLQCD'’s new project

large-scale simulations with dynamical overlap fermions

@ target simulation parameters:
® aS0.125fm, L2 2fm
o lightest myq S Mg phys/4
@ 0(10,000) HMC trajectories
o N;=2,24+1QCD
@ this talk: overview of first production run in two-flavor QCD
a~0.125fm, L~2fm, myq 2 msphys/6

for details, see proceedings for Lattice 2006:
S.Hashimoto, N.Yamada, H.Matsufuru, H.Fukaya, TK

@ talk by Matsufuru: extensionto Ny=2+1 QCD
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confi guration generation

2.1 lattice action: quarks

@ quark action = overlap w/ std. Wilson kernel
Sq = qDov q,

Dy, = (mo + %) + (mo — %) 5 SON[Hy (—mo)], mo = 1.6

@ w/ std. Wilson kernel Hywy = (near-)zero modes of Hy

@ zero modes = discontinuity in S,
= reflection/refraction (Fodor-Katz-Szabo, 2003)

@ extended modes w/ small mobility edge A,
= spoil locality of D,

@ near-zero modes = expensive approx. for sgn[H]
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algorithm
production run

2.2 gauge action

@ preparatory study for Ny =0

@ plaquette / admissibility /
Iwasaki gauge actions

@ no extended zero modes at
a~0.125 fm

o Iwasaki gauge:

local: reduced density p(\)
extended: )\, ~ 600 MeV

@ exp.locality of Dy

4

employ lwasaki gauge
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@ exp. locality for Ny =2
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2.3 extra-Wilson fields

@ even w/ impr.gauge action
= A[Hw] can cross zero
= time consuming reflection/refraction

@ suppress (near)zero modes by extra fields
Vranas, 2000; RBC, 2002 (DWF); JLQCD, 2006 (ovr)
@ two flavors Wilson fermion = suppress zero modes

@ two flavors of twisted mass ghost (z=0.2)
= suppress effects of higher modes

det [HWI(—’HI,()Y]
det[Hyw (—mo)? + p?]

Boltzmann weight

o extra-fields : mass o !
= do not change the continuum limit
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2.3 extra-Wilson fields

@ example of \[Hw] (Ny=2, a~0.1fm, mgea~ms phys)
w/ extra-Wilson w/o extra-Wilson

=< 0.02

P B BRI P | . .
0 100 200 300 0 300 600 0 200 0

10 50 100
HMC trajectory hitogram HMC trajectory hitogram

@ extra-fields: fix global topology during HMC

@ do NOT forbid local topological fluctuations
o effects have to be studied (Brower et al., 2003)
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3.1 algorithm: multiplication of D, / solver

@ multiplication of D, = sgn[Hw]|
o O'[Hw] = [)\min, Athrs] U [/\thrs, )\max}

@ low mode preconditioning
eigenmodes W/ A € [Amin, Athrs] = projected out

@ Zolotarev approx. of sgn[Hw] for A € [Athrs; Amax]
N = 10 = accuracy of |1 —sgnHw?| <1077

@ D,, solver

@ 4D nested solver
@ inner: partial fraction + multi-shift CG (Frommer et al., 1995)

@ outer: relaxed CG (Cundy et al., 2004)
factor ~2 faster than unrelaxed CG

@ haven't tried recursive preconditioning (Cundy et al., 2004)
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3.2 HMC w/ 4D solver

@ Hasenbusch preconditioning (Hasenbusch, 2001)

D(,V(m)2
Dow(m)2

@ multiple time scale in MD  (Sexton-Weingargen, 1992)
@ switch off reflection/refraction step = about factor 3 faster

det[Doy(m)?] = det[DoV(m')2]det{ }:“PFl”-“PFZ”

force (ave,max) at msea =0.015 ) )
; : ; ; @ hierarchy in force
PF2 PF1 | )
ol L bt o PF2 < PF1 < gauge =~ ex-Wilson

CIRTY I

— T ' W @ 3 nested loops for MD

@ PF2: outer-most loop
L 1L . @ PF1: intermediate
@ gauge, ex-Wilson: inner-most

gauge ex-Wilson
| | | |
004100 0 100 0 100 0 100 200

HMC traj.

force
e
T,
ES
= T
I :% I
T
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3.3 HMC w/ 5D D, solver

@ 5D solver (Borigi, 2004; Edwards et al.,2005)
@ 5D representation of overlap (Borigi, 1999)
@ even-odd preconditioning: implemented
@ low mode preconditioning: not yet

@ HMC w/ 5D solver

det[Dov,sp(m)’] det{Dov’m(m)z] det[ . }

2
det[Doy (m)°] Dov.5p (m)2 Doy 5p(m)?

= “PF1"-“PF2"- “noisy Metropolis test”

o sufficiently high “N,” to achieve reasonable Pgyic

@ factor 2 faster than HMC w/ 4D solver
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4.1 production run: parameters

Ny=2QCD
Iwasaki-gauge + overlap + extra-Wilson (x=0.2)

=230 = a~0.125 fm
preparatory studies at 5=2.35,2.50
@ 1000 traj.,, a~0.10—0.11 fm

163 x 32 lattice = L~2 fm

6 sea quark masses € [m phys/6, M phys)
Misea = 0.015,0.025,0.035,0.050, 0.070.0.100

@ 7=0.5:1HMC trajectory
larger 7 is better? (RBC, 2006; ALPHA, 2006)

Q=0 (runs w/ Q#0 are on-going)
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4.2 runs w/ 4D solver HMC

@ Hasenbusch preconditioning + multiple time scale

Doy (m)2

det[Dov(m)?] = det[Doy(m')?] det {m

| - e ez

PF2 : Nup times / traj. PF1 : (NMD . RPF) /traj.
gauge, extra-Wilson : (Nwp - Rpr - Rg) / traj.

Mesea Nuvbp Rprp RG m’ traj. PHMC Mps/MV time[min]
0.015 | 9 4 5 0.2 | 2800 0.89 0.34 6.1
0.025 | 8 4 5 0.2 | 5200 0.90 0.40 4.7
0.035 | 6 5 6 0.4 | 4600 0.74 0.46 3.0
0.050 | 6 5 6 0.4 | 4800 0.79 0.54 2.6
0.070 | 5 5 6 0.4 | 4500 0.81 0.60 2.1
0.100 | 5 5 6 0.4 | 4600 0.85 0.67 2.0
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4.3 basic properties of HMC

confi guration generation

area preserving reversibility
AH at mge, =0.025 AU VS €
B o L T
7 1.0e-04 g E
] e E
] 31.09—06* e —
< 5]
A 1.0e-08 B
] @ o m,=0.050 §
1.0e-10F o m,=0.015 ]
2.0 L L L L L | | | |
0 1000 2000 3000 4000 5000 6000 - - - - w
HMC traj. 1e-08 1le-07 le %6 1le-05 le-04

@ a few spikes per O(5,000) AU =/ Ut +1-1)=U(7)|?/Naot
trajectories: Pypike <0.1 % e : stop. cond. for MS/overlap solver
@ (exp[—AH])=1Iinall runs @ AU < 1078: comparable to

@ does not need “replay” trick previous simulations
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autocorrelation

Tint VS Mgea

sor ‘ ] @ plaquette: local
L ® plaquette |
L m N, ]
ool % ] = small m, dependence
a0l % ] @ Ni,vm: long range

= rapid increase as m, — 0

20; § é

@ accumulate 10,000 trajectories ~ 100 conf

= precise determination of matrix elements:

T.Kaneko Approaching the chiral limit with dynamical overlap fermions



lattice action
algorithm
production run

confi guration generation

4.5 runs w/ 5D solver HMC

Msea | Nup Rpr Re m' | traj Puve  time[min] | traj, .
0.015 | 13 6 8 0.2 ]6480 068 26 9280
0.025 | 10 6 8 0.2 ]4800 08 22 10000
0.035 | 10 6 8 0.4 | 4810 0.87 15 9410
0.050 | 9 6 8 0.4 |4730 087 1.3 9530
0.070 | 8 6 8 044390 09 11 8890
0.100 | 7 6 8 0.4 | 3260 0.91 1.0 7860
@ Nyp: mild dependence of on mge, for lover: A Ukawa @ Lattice2001 (Berin)
& Nyp o< 1/mege, for “Berlin wall” 2 b ie
in CPU time h
e}
@ whole BG/L (10 racks) x 1 month E
= 4000 traj. at all mge, 2 *r
@ 8000-10000 traj. Bo ez
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4.6 on-going calculations

simultions with Q #£0

Msea ‘Q ‘ Nup Rpr Re m ‘tl’ajtoml Pavc

0.050 | 2 | 9 6 8 04 ]3480 089
0.050 | -4 | 9 6 8 04| 380 0.88
measurements
Q 0 -2

Mmsea | 0.015 0.025 0.035 0.050 0.070 0.100 | 0.050
conf | 928 1000 941 953 889 786 348
pot. | 780 920 910 880 800 760 260
had. | 173 410 403 310 243 319 —

@ using configurations every 10 trajectories
@ static potential: ~ current statistics
@ hadron correlators: on going
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5. static potential
6. meson masses / decay constant
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5.1 static quark potential

@ V(r): smeared Wilson loops W (r,t)=c(r) exp[—V(r)t]

oy V(ir)=Vo—a/r+or = ro=+/(1.66—a)/c

V(r)vsr (Q=0) VS Meea
6.0 T T T L L L ' ' f ' f ' ]
[ o m,=0.015 ] 0.41- _
L =0.025 ] L ]
aofo mzz::o.oss . F ] o040k % ]
o [ am,=0050 1 A
~ [ < m.=0.070 1 039} E B
> 20fv m,=0.100 B =] F E 1
= r 4 0.38 -
oof ] 037 { % 1
L o ] 0361 ]
72'%.0 — 1‘.0 — 2‘.0 — 3‘.0 — 4.0 0'350 ‘ 0.(;02 ‘ 0.604 ‘ 0.606 ‘ 0.608 ‘ 0.‘01
r/r0 sea
@ almost lie on a single curve @ larger o < smaller mgea

(SESAMITL, CP-PACS, MILC, RBC)
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preliminary results meson masses / decay constant

5.2 lattice spacing from r

systematic error in rg

chiral extrapolation

@ choice of fit range: @ ar, = Ary + Bry Msea
small (< 1 %) and included

@ 70=0.49fm = a=0.1184(12) fm
@ fixed Q: small (?)

at mgea =0.050

0.14

pof T ]

582 e 0 ,
1sf LS E 013 —
a ] e

S o g 7 *

10 P = -

@ © §/§,,/§
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5.3 3 shift

static quark potential

preliminary results

meson masses / decay constant

@ inclusion of dynamical fermion
= smaller g with a fixed =- unphysical phase trans. (?)
(T.Blum et al., 1994; F.Farchioni et al., 2004; JLQCD, 2004)

@ in our simulations : due to overlap and extra-Wilson

a [fm]

T T T T
0.5 0 -
JAY
s
.
-
0.10( = . B
o KN
[ @ N=2, lwasaki + ovr + ex.Wilson
[ — N0, Iwasaki (CP-PACS,2004)
[ O N=2, Iwasaki + tad.impr.clv (CP-PACS, 2002)
0.05- A N.=0, Iwasaki + ex.Wilson 1 1
1.6 1. 20 22 24 2.6
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@ due to overlap:
AB =~ 0.10

@ due to extra-Wilson:
AB ~0.05

@ significantly smaller
than tad.impr. clover
AB =~ 0.40
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6.1 meson masses: effective mass

@ very preliminary!!
# independent conf.: ~ 20 conf at Mmge, =0.015,
= 50 conf at mges =>0.025

@ local and exponential smeared source: ¢(r) = a exp[—br]

Mmsea =0.070 (2nd heaviest) Mmsea =0.025 (2nd lightest)
05 T T T 04—
[ o O local source 1 L O local source
® smeared souce ] t ° ® smeared souce
2oal ] gosr ]
= ] ] = [
0000 0 o U Ot-0-0-0-0 1 I ®eGeooe 0-0-8-0-0-0-0-u-y
0_3' 1 1 1 ] L " " " 1 " n n n 1 L L L L 1
T T — 7
101 o O local source 10 o O local source b
3 ® smeared source r ® smeared source
>08F o - >0.38F o |
= [ o ] > [ o
b -9-0-0--0- 3 L B
0.6 XEER ..GQSA 0.6f ’000990:—6é5:—1§§
ey 1 P R B
045 5 10 i5 045 5 10 15
t t
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6.1 meson masses: chiral extrapolation

@ with current statistics .
o L. Mpg VS Megea
no significant deviation from ‘

simple linear fit o2 ,
Mlgs = BpsMsea o [ //’// ]
2 = o1 e i
My = A,+ B, Mg r e
[ e
= x?/dof < 1.0 ook
0 0A05m 0.1
@ afrom M, My vs Mig
a = 0.1312(23) fm S 7
~ a,, With 10 % accuracy T et
>0 ’,/—‘I/// i
@ FSE? T s ]
Mps L Z 2.6 os[-#7 E :
= FSE x exp[—Mps L] = 1-2% 00 01 , 02
MPS
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6.2 chiral symmetry breaking

@ ratio from AWI

VaAy P
PAWT % = Aawi + Bawrm + Cawrm® + ...
PAWI VS M
o ® Axwi
~ neat (3 ightestm_) quad.: —0.00026(11)
o15p A linear (3 lighter mgea): —0.00001(12)
sl ] = small symmetry breaking
9 Bawi
o0 ] Za = 2/Baw = 1.398(5)(23)
0'08[]0 0.‘05 0.‘10
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6.3 decay constant

@ with NP Z,4 from AWI

ro fps VS (ro mps)?

[ T ] @ at heavy mge,
| ® N=2, lwasaki + overlap ] . .
ol * experiment ] consistent with prev. results
L m N2, plag. + NP O(@-mpr-wison  _m~" | =- small scaling violation (?)
| -~ chiral log + quadratic l//‘ ]
£ e ]
=l el ] oat small Misea
L & ] Msea-dep. is Not smooth
L] 1 < small statistics
O.% L I L 1 L I L 1 L I L 1 L
.0 2.0 4.0 6.0
("omps)2
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6.4 on-going measurement

restarting measurements w/ the following method...

@ 100 lowest eigenpairs (A, ux) Mps o (only 1250 traj)
of Doy (< 3 min./1conf/BGL) ‘ i —
_ 1 [ .=0.025, 125conf, w/o LMA |
(Dovl)L = Z/\*ukuz [ g fg ,=0.025, 125232f WIOLMA ]
k "’0,25;
@ low mode preconditioning for ! 8 g ¢ % 22 %
D, solver: 8 times faster 020l 20 5 *
@ low mode averaging for 2-pt. ° ° e i
function test of PQChPT Iog (only 1250 traj)
(had) /, /. —— ——
c (m 745) 21F ‘ ‘ N m‘ ,=0.025, ‘12500nf E
= C<had)(:L x) +C(had>(m x) Eof % E
(had), 1. (had), /. T 1
+ Cur (:E,{E)+CHH (z';x) £ % ; ‘o A ]
o (/. 1): take average over ]

source points Mea
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summary summary

/. summary

@ JLQCD'’s dynamical overlap project

@ 4000traj/month at 6 mg.,'s at a ~ 0.125 fm, L ~ 2.0

@ action: lwasaki + overlap + extra-Wilson

@ algorithm: Hasenbusch + multiple time scale MD + - - -
@ autocorrelation = accumulate 10,000 traj. at each mge,
@ preliminary results: no clear sign of chiral log

@ future prospects
@ measurements have to be completed w/ LMA
spectrum, matrix elements (f{» 3, Bx, f{f;f{} (g*),...)

o effects due to fixed topology
runs w/ Q #0 = @Q-dependence

fixed topology = e-regime
@ extension to Ny =3 (talk by Matsufuru), larger volumes
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