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Introduction

Long-term goal

To study physics of (approximate) conformal gauge theories
Theoretical interest
Walking Technicolor

A candidate of conformal gauge theories is
large flavor QCD (SU(3) gauge theory).

In 8 < Ny <16, 2-loop B(«a) function has zero at a # 0.

IR fixed point beyond perturbative calculation?



Previous works of lattice QCD

e Iwasaki et al. PRD69:014507
various Nf and search phase transition in g-m plane
7 < Nf < 16 IR fixed point

e Appelquist et al. PRL100:171607
Wilson gauge and massless staggered fermion
Running coupling in Nf = 8 and 12
Step scaling procedure with Schrodinger functional scheme
Ny =8 no evidence for IR fixed point
Ny =12 IR fixed point

e ctcC.



Appelquist et al. PRL100:171607
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New schemes without large systematic error

Systematic error of Schrodinger functional scheme
= O(a) discretization error of boundary counter term

Purpose of this work
Before large flavor calculation
study several schemes without O(a) discretization error
find schemes which can control statistical and systematical errors
in quenched QCD

Step scaling procedure with
- Wilson loop scheme with periodic(twisted) b.c.
— 0000004 (Poster)
- Twisted Polyakov line scheme
— this talk



Methods
Step scaling (Lischer et al. NPB359:221)

Renormalized coupling on finite volume L?#

g?(p) = ;\40((/2) g8 = %’L), Ao(p) = kgg (Tree amplitude)

Usually p = p, while p = 1/L on L% through A;(1/L)

On lattice Ay (1/L) — AN (a,L/a) = AN (a/L,1/L) = kg?(a/L,1/L)

g*(0) = ¢°(1/L) = |im g°(a/L,1/L)|

Taking continuum limit a — 0 on a constant physics (fixed L)
e.g., Sommer scale, fr, my, etc

Step scaling p — pu/s < L — sL

g°(u/s) = g°(1/sL) = ;qu)gQ(a/sL,l/sL)L



Step scaling
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Calculate g2(a/L, L) with an input on each (a,L/a), then a — 0



Step scaling

Calculate g?(a/sL,sL) at same a, then a — 0

|

0'(s)

F--- -
erd a)

¢’(L)

¥ ¢ ¢ 3

l | | | | | |

0 (s (as )’ (@l (@)’ L, (alL,)’




Step scaling
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Tune a on L/a to get same ¢2(sL) in a — O



Step scaling
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Calculate g2(s2L) at same a, then a — 0

On each step we need a — O.
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Twisted Polyakov line scheme

Previous works of SU(2) gauge theory (NPB433:390, NPB437:447)

more than 10 years ago

2 2
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(a/L) a/L
Nice O(a?) scaling even at small L/a
Large statistical fluctuation — method to reduce fluctuation
Calculation cost ~ 10 x SF at fixed L/a with the method
which is effective only in quenched QCD
= SF became major method, but TP did not.

11



Twisted Polyakov line scheme

Previous works of SU(2) gauge theory (NPB433:390, NPB437:447)

more than 10 years ago

2 2
grp 9SF

\\\‘\\\\ 7\\\‘\\\\‘\\\\\H\\H\‘\\H‘\\H‘HH‘ ‘\H
5 0.0

(a/L) a/L
Nice O(a?) scaling even at small L/a
Large statistical fluctuation — method to reduce fluctuation
Calculation cost ~ 10 x SF at fixed L/a with the method
Suitable for IR fixed point search without O(a) error
Require method to reduce statistical error in full QCD
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Twisted boundary condition ('t Hooft NPB153:131)

Uz +0L/a) = QU (x)Q, (v=1,2)
Kill the zero mode of gauge fields on finite volume

Q,Q, = ei2w/3§2yQM (p,v=1,2,u#v)

Q) = 1, (Qu?=1, Tr[Q]=0
First property guarantees consistency of different order of twist.
Uu(z +0L/a+ pLja) = QuQUu(z)2)
= Q,Q,Uu(2)2)Q)

Typical twist matrix (PRD65:094502)

010 e~27/3 0 0
Q=[001], Q= 0 27/3
1 00 0 0 1
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Twisted Polyakov line (NPB433:390, NPB437:447)
Polyakov line

" La ]
Ps3(z,y,t) = Tr|]] Us(z,y,2t)| (periodic b.c.)
z=1
I L/a ] 2y
Pi(y,z,t) = Tr [] Ui(z,y,2,t) p Q21| e 3L (twisted b.c.)
r=1

Q; and e 2mY/3L guarantee translational invariance and periodicity of
Pi(y,z,t) in z and y directions, respectively.

Running coupling of twisted Polyakov line scheme on L4

<O|Zpl(y7 2 L/QG,)P]_(O, 0, O)*|O>

1
> _ 1 yz
grp k (0]) Ps(=z,y,L/2a)P5(0,0,0)*|0)
T,y
2 . 2
ITPltree — k90
1 X (=1)"

JA—— o2 > 24 (1/3)2 = 0.0636942294... (Preliminary)

=—00
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Simulation details

Strategy
Measure Polyakov line at every Monte Carlo sweeps

(comparable computatinal cost with Wilson loop scheme)
Compensate autocorrelation by jackknife analysis with large bin size

Parameters
Quenched QCD with Wilson gauge action on (L/a)4
Input for constant physics : g%F (Alpha collaboration NPB544:669)
Scaling step s =2

setl set?2 set3 setd

16, L/a | 2L/a 6] L/a | 2L/a 6] L/a | 2L/a 16, L/a | 2L/a

7.6631 4 8 7.0644 | 4 8 ©6.4346 4 8 5.8932 4 3

7.9993 6 12 7.4082 6 12 6.7807 6 12 6.2204 6 12

8.2500 8 16 7.6547 3 16 7.0197 8 16 6.4527 8 16

8.4677 | 10 20 7.8500 | 10 20 7.2098 | 10 20 6.6629 | 10 20

8.5985 | 12 24 7.9993 | 12 24 7.3551 | 12 24 6.7750 | 12 24

8.7289 | 14 — 8.1352 | 14 — 7.4986 | 14 — 6.9169 | 14 —
8.8323 | 16 — 8.2415 | 16 — 7.6101 | 16 — 7.0203 | 16 —
large scale <— small scale

Calculations are carried out on SX-8 at YITP.
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Results
Scaling of g%, at large scale (setl)
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Small statistical error except L/a =24 in s =2
Reasonably flat from L/a =4 to 16 in s=1



Scaling of g#, at large scale (setl)
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Scaling of g%, (setl—2)
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set?2 s = 1 is well consistent with setl s = 2.
set2 s = 1 is reasonably flat from L/a = 4.
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Scaling of g%, (setl—2)

3_| ' | ' | ' | ' | ' | ' |
® seils1
- Setl_z - B setl s=2- .
251 ‘_gIF_’_(__—-—-)"" ¢ 2=l
[ A= A o252
oL :
- - —  ____ ¢
15Te eag@® o ° o
1-| l 1 l l | . ll 1 | 1 ] 1 Il.
0207 10° 87 6° 42

(alL)”
5> [ 1.8277(72) s=1  1.807(15) (setl s =2)
ITP =\ 2.323(27) s=2



Comparison of scheme

r = 0.30 n =1

22 T T T T T T T I T T I T T T 22 l L L l L L L l LI B l LI B l L N B B ) l L L L L l L L L L

i —>— continuum limit —>—  continuum limit : :

| —— L, =12 8 = 8.5873 —— L, = 16 § = 8.2500 i | 5 ® satls=1 i
20k Lo = 14 g = 8.7289 Lo = 20 B = 8.4677 - ok B setls=2 4

- Lo = 16 8 = 8.8323 Lo = 24 8 = 8.5873 ] - gTP (Setl) .
1.8 '/é/%/E/ — 18| @B --w-—"" """ 777" -
1.6 e 1.6k -

* -y - - -9 ____ o
A . 14f -
1.2 I | | | | | | | | | | I I | I I I ] 1 2 [ l s s ol s sl s s sl e s sl s sl s sl
0.000 0.002 0.004 0.006 0.008 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
(Lo)™2 (a/L)2
Wilson loop g3, Twisted Polyakov g2 5

gy - Larger L/a possible, but hard smaller L/a
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g%P . Smaller L/a possible, but hard larger L/a
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Running of g7, (Preliminary)
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Reasonably connected on each step
Comparable to 2-loop coupling, while rough scale setting in g%P
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Summary

We have investigated twisted Polyakov line scheme.

1. Twisted Polyakov line scheme works in quenched QCD.

2. Problem of large statistical fluctuation is resolved by every sweep
measurements. (easy to utilize in full QCD calculation)
3. Scaling is well even from smaller volume.

Twisted Polyakov line scheme is promissing method, as well as Wilson
loop scheme method, to control both statistical and systematic errors.

We will try both methods for IR fixed point search in large flavor QCD.

22



Backup Slides
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Twisted Polyakov line
(0> Pi(y, = L/2)P1(0,0,0)*0)

2, = 1 gz _1 G
™7k (0> Ps(z,y,L/2)P3(0,0,0)*|0)  k Cp
x,y
Tree level

Cpliree o Tr[1] x Tr[1] = O(1)

Ct|tree X TI’[Ql] X TI’[Ql] (= O)
+g0Tr[21T9] x Tr[€21]AT (= 0)
+g3Tr[Q1TY x Tr[S2,77]1 A3 A4

= 0(g3)
Ct/Cpltree — kg%
1 e (—1)"
— — 0.0636942294...
1272 n:z_:oo n? 4 (1/3)2

(Preliminary)
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