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31. The PACS-CS project
Parallel Array Computer System for Computational Sciences

operation started on 1 July 2006 at CCS in U.Tsukuba
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Physics plan

aim: 241 flavor QCD simulation at the physical point

PACS-CS CP-PACS/JLQCD
gauge action Iwasaki Iwasaki
quark action clover with ey, clover with cd\y,
a[fm] = 0.1 0.07,0.1,0.122
volume > (3fm)3 ~ (2fm)3
myd physical point 64MeV
algorithm for ud | DDHMC with improvements | HMC
algorithm for s UV-filtered exact PHMC exact PHMC

strategy: physical point = enlarge volume = smaller a



Why physical point simulation?

e difficult to trace chiral logs for chiral extrapolation
e ChPT is not always a good guiding principle

e direct treatment of resonances based on phase shift
p — ww decay: PRD76(2007)094506, LATTICE2010

e simulations with different up and down quark masses

= there exist two types of problems



(1) Computational cost
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(2) Fine-tuning to physical point

physical point is known a posteriori, unfortunately

need 3 simulation points within a few MeV differences around the
physical point in 241 flavor case

= demanding computational cost

try reweighting method both for ud and s quarks
whose masses are slightly (and unfortunately) off the physical point



32. Reweighting method
original:(ryg, ks) = target:(k; 4, ks) assUMIng pg = Kq/Ky &

(OlU](Kgs #5) RualU] Rs[UT) (4, )

(OlUN(Ruds £)) (st mz) = (RualU]Rs[U]) (15,4.r)

reweighting factors

RyqlU] = |det [W[U](pua)]?,  Rs[U] = det [W[U](ps)]

D [U]

where W[U](pq) = Dieg U]



Evaluation of R 4[U]

introduce a complex bosonic field n

RuqlU] = |det WU (pua)]l?
= (e~ W U ouanP+nl?y

given a set of n(¥) (i =1,...,N,) with the Gaussian distribution
N

n | |
RuglU] = lim 23 e W UICeua)n® P4 n®)2
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Evaluation of R[U]

assume det W[U](ps) is positive

Rs[U] = det [W[U](ps)]
— <e—\W_1/2[U](ps)77\2+\77!2>77

Taylor expansion for W=1/2[U](ps)n
DK/S[U]
D/{é [U]

1—(1-ps) (1= (DelUDY)
1 — X[U](ps)

WU (ps) =

where |1 — ps| < 1
= expansion of W~1/2[U](ps)n in terms of X[U](ps)

11



Additional technique Hasenfratz-Hoffmann-Schaefer

determinant breakup: divide (xj — kg) into Np subintervals

with Ag = (k) — kq)/Np

% det [W—l[U] (
Kq -+ Aq

reduce fluctuations of the reweighting factors
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3. Simulation and reweighting parameters

simulation parameters

— original: (kyq4,ks)=(0.137785,0.136600)

— 2000 MD time

— MP2DDHMC for ud quark with 8% block, p1 = 0.9995, po = 0.99
— UV-filtered PHMC for s quark with Npoly = 220

reweighting parameters

— target: (kj4./s)=(0.13779625,0.13663375)

— breakup intervals: A q = (0.13779625 — 0.13778500)/3,
As = (0.13663375 — 0.13660000)/3

— Ny = 10 for stochastic estimation of Ryq s
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location of the physical point
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34. Results

e results for Rq s

e reweighting for plaquette
Nn and Np dependences

o effective masses for mr, mg, Mg
reweighting and partially quenching effects

e hadron spectrum
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Reweighting factors on each configuration
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Reweighting factors vs. plaquette value
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N, dependence of reweighted plaquette value
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Np dependence of reweighted plaquette value

test for Rs[ks = 0.13660000 — x& = 0.13669000] with Ngp =4 and 8

T T T T T T T T I ' I
057116 . 0.57120 s
7 plaquette. plaguette value at k =0.13669000
0.57114 } il 057118} RwitN=a| -
- 1 _ — R wWithN,=8
0.13669000 i i
0571121 | l 057116 | -
0.57110 0.13664500 H | | 057114k |
L 0.13663375 i 1
physical point r
0.57108- H 4 0571121
o501 o, e i
' 7316 7317 7318 7319 7320 7321 057110 ——— L —— L 1. L.
1/k 0 2 4 6 8 10
s # noise

consistent even at k& = 0.13669000

19



Plaquette histogram w/ and w/o Rg
test for Rs[ks = 0.13660000 — k£ = 0.13664500] with Ng = 2
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comments on Hasenfratz-Hoffmann-Schaefer's work

— 2 flavor Wilson-clover on a 164, (1.85 fm)# lattice
— reweighting from m,q ~ 20 MeV to m; q = 5 MeV
to explore e-regime

could be possible thanks to their small lattice volume
(smaller volume = broader distribution)

our usage is restricted to fine-tuning for small Amyq s
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PS effective masses

reweighting effect, partially quenching effect and their sum

0.10———

0.08

TN
0.06 N

0.04

T T 0.25 T T T T T T T T T T T T T T T T T T T T T T T T T T

— origina

| ozl  effectivemassfor N — RwW ]

2 RW ] I
+ 1024F
T I

1 o032k

NV 1023k 472 NS 7
R\ SR A N 4]
7 \ I 1 031F / ]

| 0.22- [

‘20““30 O““lo“ ‘20““30 0 10

both effects reduces the PS meson masses

22



Hadron spectrum in comparison with experiment
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Ny dependence of hadron masses
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5. Summary

— fine-tuning of mq s to the physical point
with reweighting technique

— starting point for precision measurements

— (6fm)3 box simulation is under way
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BACKUP
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Plaquette histogram w/ and w/0 R q
test for Ryqlkyg = 0.13778500 — &, = 0.13780000] with Ng = 2
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distribution is slightly moved toward larger values
similar behavior as strange case
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Jackknife analysis on PS meson masses
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Finite size effects based on ChPT

Colangero-Durr-Haefeli, NPB721(2005)136
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p — mm decay based on phase shift

<<0m<t)0§fm<o>> (O ()O}(0))
(Op(D)OF-(0))  (Op(t)O}(0))

Lischer, NPB354(1991)531

) = Eegigen = Phase shift

group Ref. #flavor mg; [MeV] gprr

CP-PACS PRD76(07)094506 2 330 6.25(67)
QCDSF  LATOS8 2 240-810 5.3(42.1)(—1.5)
ETMC LAT10 2 290-480 67 (myq — 0)
PACS-CS LAT10 241 410 5.24(51)

BMW LAT10 2+1 200,340 5.5(2.9),6.6(3.4)

physical value: g%‘ﬂ = 5.98(2) from I‘Bh
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