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why 12 flavors?

running coupling schemes

results & interpretation
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technicolor: replace Higgs mechanism, requires SSB

conformal: IR fixed point gauge coupling g*, no SSB

near-conformal: generate separate energy scales

good for phenomenology?

several interesting candidates

walking technicolor

gauge theory asymptotically free - what if coupling runs slowly?Strong Electroweak Gauge Sector: running couplings

Julius Kuti, University of California at San Diego USQCD Collaboration Meeting, Jefferson Laboratory, April 4 - 5, 2008, 17/22

if beta function near zero, 
almost fixed point: 
near-conformal

can generate separation of scales
ameliorate FCNC’s
quark masses natural (Top?)

conformal models (“unparticles”) also getting popular

ΛTC,ΛETC

why 12 flavors?
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why 12 flavors?

(Walking) technicolor

(Sannino)

Fundamental: gray
2 antisym: blue
2 sym: red
adjoint: green

Nf

NcDietrich&Sannino

gray: fundamental
blue: 2-index antisymmetric
red: 2-index symmetric
green: adjoint

many possible theories

many recent studies

12 flavors near estimated QCD/conformal boundary

no consensus yet
lattice essential
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quark-antiquark potential

lattice
Wilson loop

Running coupling

V (R) = lim
T→∞

(−
∂

∂T
ln〈W (R, T )〉)

V (R) = lim
T→∞

(

− ln
〈W (R, T + 1)〉

〈W (R, T )〉

)

W (R, T )

QQ running coupling

F (R) =
dV

dR
= CF

αqq(R)

R2
, αqq(R) =

g2
qq(R)

4π

running in QQ scheme known to 3-loop

want large volume physics, but also probe running at UV scale

F (R) = V (R + 1) − V (R)
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QQ running coupling

compare simulations with pert theory
V (R) − V (R0) = CF

∫ R

R0

αqq(R′)

R′2
dR

′

measure αqq(R0) directly from simulations at reference R0

run αqq(R
′) according to 1-,2- or 3-loop pert thy

Improved lattice force F (R∗) = V (R + 1) − V (R)

Symanzik gauge action: small effect e.g.
R = 4.5 ⇒ R

∗
= 4.457866...
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Simulations

2-stout dynamical staggered fermions

tree-level Symanzik gauge action ] identical to chiral runs
Kuti Tues 8:30

range of volumes and masses 32
3
× 48largest

lightest

statistics: several thousand trajectories

m = 0.001

HYP smearing used for potential measurement
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weak coupling

β = 4.1 ⇒ αqq(R0) ≈ 0.19

1,2,3-loop beta functions similar

bare coupling

reference: R0 = 4

simulation agrees with pert thy
accurate

zoom in
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weak coupling

data consistent with PT
from small to large R

no surprises
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strong coupling

1,2,3-loop beta functions fan out

bare coupling

reference: R0 = 4 accurate

β = 3.0 ⇒ αqq(R0) ≈ 0.30

small R: data & pert thy agree3 4 5 6 7 8 9 10 11 12
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strong coupling

zoom in

data at larger R run 
faster than PT

no indication of IRFP

QQ scheme 3-loop
α
∗

qq
= 0.371
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an old warning?

Kieran Holland Running coupling

An old warning?
396 ALPHA Collaboration / Nuclear Physics B 713 (2005) 378–406

Fig. 5. Non-perturbative β-function in the Schrödinger functional scheme.

In Fig. 5 we show the non-perturbative β-function in the Schrödinger functional

scheme, together with the 2-loop and the 3-loop perturbation theory. It has been obtained

recursively from (2.27). The derivative of the step scaling function needed there has been

calculated from the polynomial interpolating σ (u) (see continuous line in Fig. 3). The non-

perturbative data are fitted with two parameters beyond the 2-loop β-function. The plot

again shows an overlapping region in ḡ, where the perturbative and the non-perturbative

β-functions agree well with each other. For α > 0.2, however, perturbation theory is no

longer valid. Furthermore, the plot shows the difference between Nf = 0 and Nf = 2. Al-

ready the leading coefficient b0 of the β-function depends on the number of flavors, and

this is nicely reflected in the figure.

4.2. Computation of v̄ as a function of the strong coupling

The difference between the quenched approximation and the two-flavor theory is also

apparent in the renormalized quantity v̄ defined in (2.16). As a function of the coupling u

we write (at zero quark mass)

(4.5)v̄ = ω(u) = lim
a/L→0

Ω(u, a/L).

In perturbation theory, Ω is known to 2-loop order,

(4.6)Ω(u, a/L) = (v1 + v2u)
(
1+ ε1(a/L) + ε2(a/L)u

)
+O

(
u2

)
.

Here [16,30,55],

(4.7)v1 = 0.0694603(1) + 0.0245370(1)Nf,

ALPHA Collab NPB713 (2005)

Schrodinger Functional

0 and 2 flavor QCD

2 flavor runs faster than
PT, even where 2- and 
3-loop almost identical
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other 12 flavor studies

2-loop univ.

3-loop SF

0 10 20 30 40

2

4

6

8

10

Log!L"L0#

g2$L%

FIG. 6: Continuum running for Nf = 12. L0 is the scale corresponding to the starting value of

g2(L). Results shown for running from below the infrared fixed point (purple triangles) are based

on g2(L0) = 1.6. Also shown is continuum backwards running from above the fixed point (light

blue squares), based on g2(L0) = 9.0. Two-loop and three-loop perturbation theory curves are

shown for comparison.

C. Comparison with Other Lattice Work

1. Schrödinger functional studies

Lattice simulations for the SU(3) Schrödinger functional running coupling have been per-

formed for Nf = 16 [30], for the quenched theory [31], and for Nf = 2 [4]. For Nf = 16

[30], the perturbative infrared fixed point is very weak. In this case, the simulations were

done for values of the lattice coupling in the weak-coupling (chirally symmetric and decon-

fined) phase but leading to values of g2(L) well above the perturbative fixed point. Evidence

was presented that g2(L) decreases with increasing L, consistent with the approach to the

fixed point from above as expected with a continuum infrared fixed point. A continuum

extrapolation via the step-scaling procedure was, however, not implemented.

21

Appelquist, Fleming, Neil
arXiv: 0712.0609, 0901.3766

Schrodinger functional

12 flavor QCD

find IR fixed point
very close to 3-loop
predictionOther work:

Lombardo et al
Jin & Mawhinney

Hasenfratz
Bilgici et al no consensus
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continuum

lattice

Running coupling

Campostrini et al. PLB349, 499 (1995)

Wilson loop possibilities
lattice size L

4

W (R, R)

Wilson running coupling

αW (R/L, L) = −
R2

4πk

∂2

∂R∂T
ln〈W (R, T, L)〉|T=R

αW (R/L, L) = −
(R + 1/2)2

4πk
ln

〈W (R + 1, R + 1, L)〉〈W (R, R, L)〉

〈W (R + 1, R, L)〉〈W (R, R + 1, L)〉

L → ∞ ⇒ αW (R)

(R/L) fixed ⇒ αW (L)

connect to QQ scheme

a.
b.

αqq(R) = αW (R)[1 + 0.31551 αW (R) + O(αW (R)2)]
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compare schemes

QQ and Wilson schemes consistent

Wilson coupling also running fast
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interpretation

running consistent with pert thy at weaker coupling

running faster than pert thy at stronger coupling

no indication of infrared fixed point i.e. looks QCD-like

consistent with our 12 flavor spectroscopy results

more to do: bare running, other schemes, continuum limit


