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Introduction
# Motivation
High energy experimenty ~ MS-scheme

s(My = 91.19GeV) ~ 0.12

® Problem

» Non-perturbative evolution of running coupling

fl

Step scaling function(SSF)Schrédinger Functional (SF)

~ ALPHA Collaboration
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N; = 3 project
#» N; = 3QCD simulation

CP-PACYJLQCD Collaborations

Ultimate goal

. evaluation of a5 from Ny = 3 QCD simulation

# Why do we choosdwasaki action ?
Ref. JLQCD Collab., Nucl. Phys. B (Proc. Suppl.) 106, 263 (2002)

plaquette action lwasaki action
+ +
O(a) improved Wilson fermion O(a) improved Wilson fermion
! !
strong lattice artifacts associated such lattice artifacts arebsent

with phase transition

\

We decided to adoptthe lwasaki actionas gauge part.

—p.4/1



Purpose of this talk

Cut off dependencend universality check
of SSFand low energy scale ratio

with improved gauge actions

iIn SU(3) gauge theory.

~ toward Nf = 2, 3 simulations
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Outline

>

>

>

SF set up and SF coupling
O(a) boundary improvement codficients

Non-perturbative evolution of running
coupling

Simulation results

s SSF atu = 0.9944 (weak coupling region)
s SSF atu = 2.4484 (strong coupling region)
s L /o (low energy scale ratio)

Conclusion
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SF set up and SF coupling
® SFsetu _ Cu(n)
P Ak/C ()

SNy N
¢ ~

0 \/
S space

.

= Cx(n)

# Definition of SF coupling

o

0S
Q28F(L) — k/r |7] v=0 — k/ <877>

)7:1/:0

el = zsz[U]e‘S[U],

where S[U] = S;,[U] : improved gauge action.
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O(a) boundary improvement coefficients

# Of(a) boundary improvement codficients
X

time Ct c

space

(@) = 1+cgs+0(g)),
R(1) 2

c(98) = 3/2+c¢dg + O(g),

Ref. S. Aoki et al., NPB 540 (1999) 501, S. Takeda et al., PRD 68 (2003) 014505

lwasaki action LW action DBW?2 action
c™  0.15180(13) -0.002970(1)  0.448(26)

with & = 2"
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Non-perturbative evolution of running coupling
# Step scaling function (SSF)
s Continuum SSF

o(2,u) = @2(2L)|§2(L):u
U = §°(Lo)
Uy = o(2 Up)
U = o(2,u)

double double

s Lattice SSF
>(2,u,a/L) : SSF calculatedon the lattice

Continuum limit

o(2,u) = al/iLTo >(2,u,a/L)
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# Low energy scale
Uizgz(Li) i:O,1,2,...,n

I—i — 2i_nl—n — 2i_nl—max (I—n — I—max)

s Def of L
QZSF(LmaX) = 3.480

s Continuum limit of low energy scale ratio

I—max/rO — a/I!im—>0 Q—max/az X (a/ro)

SF scheme Hadronic scheme
0.5fm : sommer scale

I'o
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Simulation results
# SSF atu = 0.9944 (weak coupling region)

95F (2L) vs. (/L) with g3¢ (L) = u = 0.9944

1.16 — T T T T T
continuum value (ALPHA) —e—
1.15 + Iwasaki, tree O(a) imp. :--®--- .
114 L LW, 1-loop O(a) imp. —e— i
-
] 113 f -
<
>
o 112 1
o (]
IZL’— 1.11 } E ¢ ]
g L
'/\l ,‘,
1.1 + ° i
* ) o
1.09 - ¢ A
1.08 ] ] ] ] ] ]
0 0.05 0.1 0.15 0.2 0.25
(all)

Ref. ALPHA Collaboration, NPB 544 (1999)
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# Perturbative improvement

k=0, 1: tree level, 1-loop O@) improvement case

>0 (U, a/L)
PRY u,a/L ’ :
1 (U a/L) 1+ 6;®(a/L)u
>®(u,a/L) : raw data

01“(@/L) : 1-loop deviation
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# SSF atu = 0.9944 (weak coupling region)

perturbative improvement : no 1-loop order lattice artifact

95F (2L) vs. (/L) with g3¢ (L) = u = 0.9944

1.16 — T T T T T
continuum value (ALPHA) —e—
1.15 + Iwasaki, tree O(a) imp. :--®--- -
114 | LW, 1-loop O(a) imp. —e— i
g 1.13 =
% 1.12 ) E o -
(%’— 1.11 + . ’ e *
- 1.1 } -
1.09 A
108 ] ] ] ] ] ]
0 0.05 0.1 0.15 0.2 0.25
(a/Ll)
linear fit
action |wasaki LW plaquette (ALPHA)
o(2,u) 1.106(4) 1.111(4) 1.110(11)
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# SSF atu = 2.4484 (strong coupling region)

perturbative improvement is implemented

93F (2L) vs. (a/L) with g3¢ (L) = u = 2.4484

4.1 : T | T | I
continuum value (ALPHA) +—e—
4 L lwasaki, tree O(a) imp. :--®--- .
39 LW, 1-loop O(a) imp. —e— _
g 38r -
E 3.6 e
d 35t . ot ot LI
3.4 —} : .
33 A
3.2 - ' I | ! !
0 0.05 0.1 0.15 0.2 0.25
(all)
linear fit
action lwasaki LW plaquette (ALPHA)
o(2,u) 3.486(37) 3.409(35) 3.464(40)

—p.14/1



# Low energy scale ratioLax /o

I-max/ o

0.95
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0.8
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Lmax/To VS. @/l 4 (Iwasaki action)

continuum value (ALPHA) +—e—
tree level O(a) improvement :--e---

0.05 0.1 0.15 0.2 0.25
a/L

max

0.3
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Conclusion
# SSF  treelevel O@) improved Iwasaki action
pertutbative improvement is implemented

lwasaki  plaquette (ALPHA)
o(2,u=0.9944) 1.106(4) 1.110(11)
o(2,u=24484) 3.486(37) 3.464(40)

— universality OK

# Concerninglow energy scale ratig the universality will
be confirmed soon.

# Fortree level O(@) improved lwasaki action,
perturbative improvement is very dficient reducing the
lattice artifact of SSF.

We are going to investigateN; = 2, 3 case#
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