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Lattice QCD with 12 Degenerate Quark Flavors Xiao-Yong Jin
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Figure 2: hȳyi (left) and fp (right) with 12 flavors. Dashed lines indicates the meta-stable signal from the
first order bulk transition, seen for both b = 0.46 and 0.4626.
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(a) b = 0.46, mq = 0.006
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(b) b = 0.4626, mq = 0.008
Figure 3: The evolution of hȳyi with DBW2 gauge and naive staggered fermion action. Two combina-
tions of b and mq show meta-stable evolutions with separate curves for ordered-starts (bottom curves) and
disordered-starts (top curves). The metastability is present for two different volumes.

lattice spacing, the lattice gauge field becomes rougher with increasing number of flavors. The
lattice consequently becomes a poorer approximation of the continuum. Observation of a bulk
transition is mentioned in a study of a lattice Schrodinger functional calculation [5]. For 12 flavor
QCD, with the same Wilson gauge and naive staggered fermion action, we have located the position
of a first order bulk transition at b = 4.1 and mq = 0.01 with a lattice size of 163⇥32 and the exact
HMC algorithm, as shown in figure 1b.

In our recent study of QCD with 8 and 12 flavors [3] with the DBW2 gauge and the naive
staggered fermion action, it is intriguing to see that there is no meta-stability signal, but only a
quark mass dependent, quick cross-over region. Nevertheless, the strong dependence on the quark
mass suggests that a first order bulk transition may occur with smaller quark masses than we had
been able to simulate with. Simulations with smaller quark masses became viable with algorithmic
improvements. Using the force gradient integrator, which is accurate up to the 4th order, combined
with multiple Hasenbusch mass preconditioning, we were able to use the exact HMC algorithm to
explore the smaller quark mass region.

A first order bulk transition was indeed found with 12 quark flavors at smaller quark masses,
using the DBW2 gauge and naive staggered fermion action. The location of the bulk transition
is shown in figure 2. It shows the first order, meta-stable points (those have two points at the
same b and mq), along with other values1 from our earlier simulations. In the evolution of hȳyi,
shown in figure 3, we have found meta-stable signals at two different couplings and quark mass

1In this paper, fp is normalized to be about 93MeV for QCD in physical units. Values of fp in our previous
reports [3, 4] are off by a factor of 2, because of a misunderstanding of the convention of the CPS.
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