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Abstract 

With the discovery of a Higgs-like boson at the Large Hadron Collider, the imminent task for the study of the 
beyond Standard Model theories is to find the candidate theories that may produce a light scalar particle to be 
consistent with the experimental observation. In the context of non-perturbative lattice gauge theory simulations, 
one of the first steps is to find possible non-QCD like behaviors in these theories. Over the past few years, the 
Lattice Strong Dynamics (LSD) Collaboration has worked extensively on the SU(3) gauge theories with many 
flavors of degenerate domain wall fermions, and found some interesting behaviors in theories of 6 and 10 
flavors. Here we will present some latest results by the LSD collaboration from lattice simulations with 8 flavors 
of domain wall fermions in the SU(3) fundamental representation.  

Simulation Setup 

a mf β L3 × T  Ls  MP L a mres (×10-3) 
0.010 1.95 323 × 64 16 5.9(6) 2.859(5) 
0.015 1.95 323 × 64 16 7.2(2) 2.939(3) 
0.020 1.95 323 × 64 16 8.3(4) 3.014(5) 
0.025 1.95 323 × 64 16 9.4(3) 3.104(8) 
0.030 1.95 323 × 64 16 10.5(3) 3.210(6) 

! We use the domain wall fermion formulation for its 
good chiral symmetry.  

! The residual chiral symmetry breaking parameter, 
amres  is determined to be much smaller than the 
input quark masses.  

! The total effective quark mass is given by           
amq = amf + amres  

! The Iwasaki gauge action is used. The gauge 
coupling β was chosen to have a UV cutoff scale (if 
the theory is confining) to be roughly 5 times the 
vector meson mass.  

! Setup is similar to previous Nf=2, 6, 10 simulations. 

Hadron Spectrum 

! We computed the hadron two-point correlators using Point (P) and Coulomb gauge fixed Wall (W) sources, 
and constructed all four combinations, W-P, P-P, W-W and P-W.  

! Combined fits were performed to all four correlators, using fit ranges appropriate for each correlator.  

! The measurements were done every 10 MD trajectories, with 2 source locations, tsrc = 0 and 32, on each 
configuration.  

! Number of configurations used for measurements ranges from 75 to 150.  

! Standard jackknife procedure was used in the analysis, with block size of 5 measurements, equivalent to 50 
trajectories to partially account for autocorrelations. Autocorrelations may be as long as 150 trajectories, so 
our errors may be underestimated by 70%. Improved error analysis is ongoing.  

Representative Effective Masses.   

! We determined the masses and decay constants for the pseudoscalar, vector and axialvector mesons, to see 
if the behavior of the spectrum is different from QCD.  

!  If the theory is QCD-like, the fermion mass dependence of the spectrum can be described by Chiral 
Perturbation Theory(ChPT), provided that pseudoscalar meson mass is small compared to the chiral 
symmetry breaking scale. Our masses are too heavy to apply ChPT. We resort to empirical polynomial forms: 

!  If the theory is approximately scale-invariant (conformal), deformed only by the fermion mass, the mass 
dependence is governed by the anomalous dimension at the fixed point, γ*.  

MP
2 = bPmf + cPmf

2 +...
MV ,A = aM + bMmf +...
FP,V ,A = aF + bFmf +...

MP
2 =CPmf

2/(1+γ*) +...

MV ,A =CMmf
1/(1+γ*) +...

FP,V ,A =CFmf
1/(1+γ*) +...

If theory is QCD-like If theory has approximate 
scale invariance  

Polynomial Fits vs. Conformal Fits 

! As the lightest point may suffer from large finite volume effect, we exclude it from the fits. 
! For the QCD-like fits, including the quadratic term for MP

2 keeps the d.o.f same as others.  
! We exclude FA from the analysis due to its large statistical errors.  

State C γ* 
P 2.7(2) 0.63(4) 
V 2.5(2) 0.91(6) 
A 3.3(2) 0.91(6) 

State C γ* 
P 0.26(11) 1.0(5) 
V 0.17(4) 2.1(6) 

Polynomial/Linear Fit 

Linear Fit 

Power-law Fit 

Power-law Fit 

! The quality of fits is comparable between the polynomial fits and the power-law fits, except for the 
pseudoscalar, which favors the polynomial fit. 

! The results for the anomalous dimension γ* from individual fits are consistent with 1, except for the 
pseudoscalar, which favors a smaller value.  

! The distinct characteristic of the pseudoscalar may be an indication of spontaneous chiral symmetry 
breaking.  

! The universality of γ* in other channels resembles conformal behavior.  

! The theory may be chirally broken, and walking?  

Chiral Condensate 
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! A large chiral condensate (relative to the electroweak symmetry breaking scale F) is needed in the 
composite Higgs theories to generate large-enough quark masses and satisfy the constraint from the 
flavor-changing neutral currents. 

! From GMOR relation, there are three ratios that 
give rise to <ψψ>/F3 in the chiral limit: 

! Each of the ratios is divided by the corresponding 
ratio with Nf  = 2, to see the condensate 
enhancement compared to QCD. 

! The 8-flavor results (middle) are qualitatively similar 
to the 6-flavor results (left):  
! All three ratios converge at light quark masses. 
! The ordering of the ratios is the same.  

! The 10-flavor results are qualitatively different, with 
the three ratios converging at heavy masses and 
diverge at light masses.  
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