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Step scaling function of the 2-flavor SU(3) sextet model – Wilson fermion approach
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Numerical details

nHYP smeared clover-Wilson fermion action with smearing coefficients

(α1 = 0.75, α2 = 0.6, α3 = 0.3), plaquette gauge action and an NDS term

with coefficient γ = (γ1 = γ2 = γ3 =)0.075.

L4 volumes with L/a = 8− 28.

Standard boundary conditions (periodic for the gauge fields and periodic

in space, antiperiodic in time for the fermions).

11 β values between 1.5 and 6.5 with 0.5 increment.
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Tuning to the critical surface
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Volume squeezed versus mass deformed

0 0.1 0.2 0.3 0.4 0.5
c 

4

4.5

5

5.5

g c2

L = 14
L = 16
L = 18
L = 20
L = 24
L = 28

β = 1.5; κ = 0.14150

0 0.1 0.2 0.3 0.4 0.5
c 

3

3.5

4

4.5

g c2

L = 14
L = 16
L = 18
L = 20
L = 24
L = 28

β = 3.5; κ = 0.13380

Left plot shows that L/a = 28 at β = 1.5 and κ = 0.14150 moved into

mass deformed regime. L/a = 28 data were not used in the final analysis.
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Analysis of the step scaling function

Volume interpolation of g2
c (t) at fixed β

Step scaling function βs(g2; L) interpolation at fixed L/a

(a/L) → 0 extrapolation
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Volume interpolation
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Interpolating functions with polynomials of degree 3 or 4 in log(L/a) or

a/L.

Reduce fluctuations among independent volumes and provide g2
c on

L/a = 15 and 21.

Yuzhi Liu | CU Boulder | KITP August, 2015 7 / 20



Step scaling function of the 2-flavor SU(3) sextet model – Wilson fermion approach

g2
c interpolation
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Polynomials of degree 3 or 4.

The hopping parameter κ is mistuned on β = 2.0.

Mistuning increases the step scaling function in the continuum limit.
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Result after (a/L) → 0 extrapolation
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c = 0.35; L = 12-24

The continuum extrapolated step scaling function follows 4-loop MS

perturbative predictions.

Yuzhi Liu | CU Boulder | KITP August, 2015 9 / 20



Step scaling function of the 2-flavor SU(3) sextet model – Wilson fermion approach

Cut-off effects and consistency check

For fixed c (c = 0.35):

Dependence on the t-shift (τ0 = −0.1, 0.0, and 0.15)

Dependence on the energy density operator: clover and plaquette.

Dependence on the lattice volume: L/a ≥ 12 and L/a ≥ 10.

Different c values(c = 0.25, 0.3, 0.4).
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t-shift dependence
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Different τ0 values extrapolate to the same point with c = 0.35.
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t-shift dependence
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Different τ0 values give the same step scaling function with c = 0.35.
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Operator dependence
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The clover and plaquette operators give consistent result with c = 0.35,

indicating that (a/L)2 → 0 extrapolation removes most cut-off effects.
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Operator dependence
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The clover and plaquette operators give consistent result with c = 0.35

and τ0 = 0.0, indicating that (a/L)2 → 0 extrapolation removes most

cut-off effects.
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Volume dependence
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L/a = 10 → 15 fits well with the other volumes.
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Volume dependence
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Including L/a = 10 → 15 in the extrapolation has negligible effect on the

step scaling function.
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c parameter dependence
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c = 0.35; L = 12-24
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Cut-off effects remain for c = 0.25 but disappear within statistical errors

for c ≥ 0.35 with the clover (and plaquette) operator.
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Conclusion and discussion

The step scaling function from Wilson fermions follows closely the

4-loop(non-universal) MS prediction that predicts an IRFP at g2 ≈ 5.90.

There is an over 3σ tension of the step scaling function at strong

couplings between Staggered and Wilson fermions.

For 4 dimensional conformal and near conformal systems, could different

lattice actions approach different universality properties of the system?
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Volume squeezed versus mass deformed
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The changes between κ = 0.14120 and 0.14100, and between κ = 0.14160 and

0.14180 signal that the system moved from the volume squeezed to the mass

deformed regime.
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