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rithm is that it can only deal with an even number of fermions (the above discussion

assumes Nf = 2), because the second step in the above can only be applied when

the fermion matrix D can be decomposed into D†D. Since we are very interested in

simulations with 2 degenerate light quarks and 1 strange quark, we need an algorithm

which is capable of simulating an odd number of fermions.

R Algorithm

An alternative to the pseudofermion method [64] is to replace the fermion determinant

in the path integral with a trace of the fermion matrix. For Nf flavors, α = Nf/2,

and

detDα = exp(αTr lnD). (5.24)

Now the effective action is Seff = αTr lnD−Sg. Once again, the molecular dynamics

integration for the Hamilton’s equations can be applied to update the gauge config-

urations. However, due to the presence of the trace, the differentiation with respect

to the gauge field (the force term) in Eq.(5.12) can not be done exactly. Instead, a

noise estimator is introduced to evaluate it stochastically. As a result, the updating

process is irreversible, and the standard Metropolis algorithm can not be applied to

remove the integration errors. Of course, the R algorithm does not have restrictions

on the number of fermions in question. For this reason, it has been used for a long

time to do simulations with an odd number of fermions. However, due to the lack of

Metropolis step at the end of each trajectory, the algorithm has a finite step size error

of O(δτ)2, which makes it inexact. In principle simulations with different values of δτ

should be performed and an extrapolation to δτ → 0 should be done to remove the

finite step size error. This is of course very computationally expensive. A common


