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Large flavor QCD

— a promising candidate for a theory with IR fixed point

- Two-loop running coupling : ;z.-‘;‘%a(p,) = Ala) = —ba?(n) —ca(p)
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|s this true beyond perturbation?



Appelquist, Fleming and Neil, PRL 100, 171607 (2008)

Step scaling results, Nf=8

16_" 16_“ ......
1af -—-— 2-loop univ. 145_ -—-— 2-loop univ.
E - —— Bloop SF i — —— 3+oop SF
12- 12F
105— 10- g s
T 4 7O 8- W
[ sl > ]
6- I B S
. [ . PR s S e AT
4[ 4; ”//: b
2l 2
ey e 6510152‘0253103‘5
0 2 4 & 8 10
LoglL/Le] Logll/Lo]
No evidence of IR fixed point Flat region in small erengy scale
Nonperturbative results are [Large systematic error }
Similar to pertubation at 2-,3-loop From continuum extraploation

nonperturbative beta function with Schrodinger functional coupling scheme

There is a large O(a) discretization efffects in SF scheme
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Technical steps
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The Wilson loop

LO : box size (spatial)

W(L07 R7 T07 T7 a, gO)
TO : box size (temporal) - L, -
A
R : size of the Wilson loop (spatial)
T : size of the Wilson loop (temporal)
0
@ ' lattice spacing
| a
g : bare coupling Y
————



We choose the renormalization scheme:

92 R2

8R8T <W(R7 T)>NP‘T:R ]{f

aggT In(W(R,T))is estimated by calculating the Creutz
ratio.

5y e (W(RTYW(R=1,T—1)
CR(R,T)=—1In (W(R,T—l)W(R—laT)> r

No O(a/L) contribution!!

~~ Renormalized coupling in "Wilson loop ~N
schemel

ga, = R? x CR(R, T)/k
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[ renormalized coupling g2 (LO’ %7 LLO) }

fix the free parameter in the renormalization

condition = RﬂZé/?(: 0.25,0.30,0.35)

take the continuum nmit A 50

. : . ~0 :
LIS the scale which defines the running
coupling constant of step scaling

/ How to take the continuum limit \

= lImZg (7=
IR Lo 0ol R Lo’go LOgO
To take the continuum limit, we have to set the scige “
\Ietncorresponds to tuninggg  to keep a certain input physical parameter

onstant. /
input g7, (1/Lo) > output 971, (s/Lo)

s . scaling parameter
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Extrapolation to the continuum limit
LFit fn: en(a/L)* + ¢1(a/L)2 + COJ

CR*(R+1/2)?

0.34

Fit fn: c1(a/L)? + cg
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Data

4p linear fit

5p linear fit

5p quadratic fit

0.004
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running coupling constant
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running coupling constant

14

12

10 -

I

T

T

1 ]

Wilson scheme s
3-loop (MS bar scheme)

2-loop
1-loop

Log (L_O/L)



quenched QCD test?D % & ©

“Wilson loop scheme’%E &L 7T=.
smearinglZ &> THETRRE M BIRIIZ/INEL7EoT=,
smearing level ER/LD LL D ERY A EERA~T=,
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| Technical steps
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