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1. Introduction

* We calculate Aypg from the twisted gradient flow (TGF)

coupling. - Details are explained later.
. b 1 (k) 1 1 by
Avre = p(bog<(p2))” %0 exp — exp / dg ( — + ——= — ,_)
e st 2b0g3< (1) Jo B@) by’ byg
e bp = LN and b = 2 (25)” are just constants.

* To relate Ay with physical quantity, we consider two
hadronic scales, Aphyss with a mass dimension.

* Strategy: |Asm _ Aws Asr LumaxArcr
Aphys ASF ATGF LmaxAphys

* Perturbative calculations with the TGF scheme are quite complicated
since we introduce the flow time.

— Use the SF scheme as an intermediate scheme
— Evaluate each piece numerically

e Our calculations are for the SU(3) pure gauge theory.
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1-1. Strategy

7

\
1. Calculate Ly.xATgr by the discrete beta function
2 2
2y _ 9 (s/L) —g°(1/L)
Bs(g )_ 10g(82) )

3. Calculate Agg/Atggr numerically in
weak coupling regime

\.

Known
[S. Sint and R.
LSommer, 1996]

MS _

Aphys | tETGd | l LmaxﬂAghysl

6. Relate a hadronic scale, Aphys, to the scale, Lyax

*  Use the string tension and the Sommer scale as Aypys

 Data from:
. [C. Allton, M. Teper and A. Trivini, 2008; A. Gonzalez-Arroyo, M. Okawa,
2013] for string tension
. [ALPHA collaboration, 1999; S. Necco, 2003] for Sommer scale

J
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1-2. Twisted Gradient Flow coupling

« Ramos proposed to use the twisted b.c. for gradient flow as gauge b.c., and
analyzed the SU(2) coupling by using the step scaling function. [A. Ramos, 2014]

* Wilson gauge action with the twisted b.c. on x-y plane:

s 271
SVV(U) = ﬁ Z ZnuUJJ/Tr [UTl:ILUTl+IL:UUTJ£,+L/ ;LU:J; 1/:| : Zn:(l,l,n;g,714),1,2 = €Xp W

n,uF#v

* Imposing the twisted b.c. is equivalent to add the factor Z,, into the action.

1V, . (t 2 N
: }LH( ) — {()n H*f’\’\ ( T)} Irn,u(f) I"';L,Li-(t — 0) - U’”"ﬁ'

* Flow eq.: dt
* We obtain the energy den5|ty, E(t) from the solution of this equation.
. T 2
TGF coupling: 7..1(1/L) = Ny (c.a/L)*(E( t))],_ 2728
/ ! ‘
“Ye.a/L) = 64 Z S "L pe P2C? = (B,Cy)?
128 p2
* Renormalization scale: | _ 1
* Wesetc = 0.3. | \/Q cL  [M. Lischer, 2010]
Z R. UENO, Lattice 2016, July 24-30 2016, Univ. of Southampton, UK 4/13

Numerical determination of the A-parameter in SU(3) gauge theory from the twisted gradient flow coupling



2. Lattice Setup

* Wilson gauge action with the twisted b. c.

B
SW(U) — ﬁ Z Zn,,u,vTr [Un,uUn-l-u,VUT]:-l-z/,yU;g,,u}
N, LFV

* Gauge cont. are generated by the heat bath method
* TGF coupling, g%qg(1/L, B)

L/a 12 16 18 24 36

# data points ! 14 15 14 11
Largest 8 10.0 10.0 10.0 10.0 10.0
SpcllEsees 611 6.3 6.29 6.5 6.9

* Weak couplings, gsg(1/L, 8) and g4c(1/L, B)
* L/a=10,12,16,18 and § = 40,60, 80 at each L/a.
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3-1. A-parameter, L ax ATGE

Ayis _ Ay Asr

Aphys - Asr Arcr . Lmaxflph}'sl
e Calculate the discrete beta function at each lattice and
fit them to obtain the continuum discrete beta function

0.5 . ‘ . : — . —
0.45| ;::ggg o , ,
04 181012 —=— e I B2 = 2 (s/L) —g~(1/L)
2035 241018 o o _aF | BslgT) = log(s?)
< 03l 3Br024 s T ~_ ~ log(s
G025} | ~ oou’ 4+ oqu® — 0.00201(27)u’
U) : . il ]
Pyl e | +0.000371(77)u® + 0.0000233(57)u’
| preliminary | o2
0.05¢ | oo = bo, UL:bD—m (s =3/2)

01 2 53 4 5 6 7 8 9
U= gTGF2(1/Lmax)

Proceed to thze stage at which calculate L,xATgr by using
Bs=3/2 (u = gTGF)
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3-1. A-parameter, L ax ATGE

Ays _ Ags Ase ([Comhred

44];)]1}-'5 ASF i"‘l"l"CI-' Lmaxf’iphysl

* L.« is the box size at which hadronic scale is defined.
* |nitial value for the running: g%GF(l/LmaX) = 6.0,6.1,...,7.0

* Changing the scale from 1/L .5 t0 S™ /L.« and running the
. . 2 . .
coupling by using B3, (g1gr), We obtain the following table.

2 4
9TCF Lax Arar

01 ossiy et =+ By(uy) log(s),
E; g;giéﬂ ug = .G’%(}F(l/ Lmax). uj = .fJngF(-“i'j /bllz'max)
Ef 82128 i LinaxAtcr ~ 8" (bograp(s™/ Lmax)) 20 exp 250.0’%@17(1-‘v‘”'/L1nax)
6.6 0.626(20)
e Eﬁjﬁigi Now we have the value of L ,xAtgr at each
"0 vue, value of the TGF coupling.
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3-2. Hadronic Scale

Avis _ Ayis Asp LmaxAtcr

Lmax‘qphvs

Aphys  Asr Arcr

* String tension, Ly,.x\/0, and Sommer scale, L,4x/70

We evaluate them by using data from:

e [C. Allton, M. Teper and A. Trivini, 2008; A. Gonzalez-Arroyo, M. Okawa, 2013] for the
string tension

* [ALPHA collaboration, 1999; S. Necco, 2003] for the Sommer scale.

g%GF Lmaxﬁ Lnn‘{/ o

6.0 1.9302(80) 1.7056(88) e Fjrst column: value of the TGF coupling as the
6.1 1.9580(79) 1.7209(86) renormalization condition

6.2 1.9866(78) 1.7472(88) , _

63 20150(79) 17663(87) Second column: value of the string tension

6.4  2.0470(76) 1.7905(s6) * Third column: value of the Sommer scale

6.5  2.0725(77) 1.8060(88)

6.6 2.0066(78) 1.8232(87)

6.7 21200(70) 1s37i00) Now we have the value of Liyax/o and Lyax /7o at
6.8 2.1443(79)  1.8600(88) each value of the TGF Coupling.

6.0  2.1665(80) 1.8798(86)

7.0 2.1911(82) 1.8962(85)

I'"?W {/)

L
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3-3. A-parameter ratio, Agg/A1gF

La=8 —=——
0999 L/a=10 —e— |
~ Lla=12 —»
5 0-998 % Lla=16 —— -
|_
2 0007 30
L
) 0.996 g
0.995 @
B =40
0.994 5 0.05 0.1 0.5 0.2
2
drGF

Am _ ﬁﬁ Agp _Lmaxf‘iTGF
Aph}-'s Asp |ATcr Lmaxi"lph}'s

« Compute gép and g<cr and evaluate the ratio of the couplings

géF(’f a/L)
Aap(B.a/L)

cg(a/L) = cg(0) +d (L)Q T

-_

= 1+ cg(a/L)ghcr(B, a/L) +

—0.02859(92) 1.42
10  —0.02793(85) 2.76
12 —0.02492(82) 0.98
16  —0.02363(84) 1.11

 We have the coefficient Cg at each lattice.

* Taking the continuum limit of c5, we obtain the A-parameter

ratio.

Agp  oxp Cg([])
ATcF ’ 2bg
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3-3. A-parameter ratio, Agg/Argr

Ayis _ Ay | Asp | LmaxAtcr
Aphys ASF ATGF LmaxAphys

* Taking the continuum limit of ¢ and obtain the A-parameter ratio

0,022

0023F

-0.024 -

e, (0) = —0.00221(99)

L/a x?/DoF

-0.025

& 0.026 |
ool 8  —0.02859(92) 1.42
008l % N 10 —0.02793(85) 2.76
0.029) 12 —0.02492(82) 0.98
0.08 55602 0.004 6.006 0.008 0.01 0.012 0.014 0.016 16 —0.02363(84) 1.11

(a/L)?
A-parameter ratio between the SF and the TGF schemes:

Asp
Arar

— 0.8530(61)
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3-4. Evaluation of Ay

« Ex, Calculate Ayg/+/o when gé.p = 6.4 *35 _ :‘*h | :aff Lﬂ‘i}n
a ASF ATGF max 'V 7

e Substituting the result so far to our strategy:

LmaXATGF — 0610(19) N - ﬁ-ﬁ Asr _ LipaxArar
LonaxVT = 2.0392(79)

As Argr  Lmax/T0

 Agp/Arcr = 0.8530(61)
* Agp/Ajs = 0.48811(1) [S. Sint and R. Sommer, 1996

* We obtain Ays/+/o = 0.514(17).
* Results of Ay/+/o (left figure) and r Ay (right figure) at each

renormalization scale: preliminar
0.54 . ‘ ‘ . 0.62 ~
0.535¢ 1
0.53 | 061/
50525} : i |
= 052t il 4 ‘%’ 06 it T i
~ o m o L M-
%OOS;? t il Il <‘§ 059 | i 0
. r o 1 E i} m
<0505} : 0.58]
0.5¢ 1
57t
0.495¢ 1 03
0496 62 64 66 68 7 086662 64 65 68 7
gTGF2 as the renormalization condition gTG|:2 as the renormalization condition
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3-4. Evaluation of Ay

* Finally we obtain the following results (preliminary):

MS
ﬁ = 0.515(17)stat.( ig syst.'

ToA\Ms = 0-591(19)stat.(7)syst.-
* ¢f.[G.S. Bali and K. Schilling, 1993]

AMs _ +19
o8 = 0.555( 713
* ¢f. [ALPHA collaboration, 1999]

roAws = 0.602(48).

Our results are consistent with known values in 1.6g for
the string tension, Ays/V0o.
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4. Summary

* In this study All results are preliminary.
 We computed g%GF in SU(3) pure gauge theory by the lattice
simulation.

* In poster session on Tuesday, Mr. E. Ibanez Bribian talks about the
perturbative calculation.

* We calculated Agr/Argr by lattice simulation:
ISE — 0.8530(61).

ATGF

* We evaluated Ay/+/0 and 1yAys:
A_
o M = 0.515(17)stac ( F2 syst? ToAMs = 0.591(19)stat, (7 syst.

Vo
* This results are consist of Agg/ATgr computation, i.e. they support

the validity of the Agg/A1gr from our lattice simulation.
* We conclude that the twisted gradient flow method
actually works as one of the renormalization scheme in
pure QCD.

//I'"?W
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