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Molecular Dynamics Algorithm

The molecular dynamics (MD) algorithm is commonly used in lattice QCD to update

the gauge configurations. It begins with the introduction of a fictitious conjugate

momentum πµ(x), which is a traceless hermitian matrix. We then formally define a

Hamiltonian

H =
1

2
π2 + Spf + Sg, (5.10)

where π2 =
∑

x,µ Trπ2
µ(x). In this case, the gauge links Uµ(x) are in analogy to spatial

coordinates in classical mechanics. Each gauge link and its conjugate momentum are

updated according to Hamilton’s equations of motion, which can be formally written

as [64]:

U̇µ(x) = iUµ(x)πµ(x), (5.11)

π̇µ(x) = −i

[

Uµ(x)
∂Seff

∂Uµ(x)

]

TA

≡ −i [Fµ(x)]TA , (5.12)

with Seff = Spf [φ,φ†] + Sg[U ]. Here ż indicates the time derivative for the variable

z, and the subscript TA means the traceless anti-hermitian part of the matrix. Fµ(x)

in Eq.(5.12) is the force term analogous to that in a classical mechanics system. It

has contributions from both the pseudofermion action, Spf , and the gauge action, Sg,

which are referred to as the fermion force and gauge force, respectively. For Nf = 2,

the fermion force can be written as

Fµ,pf (x) = Uµ(x)

[

φ†D−1 ∂D
∂Uµ(x)

D−1φ

]

, (5.13)

which, as we can see, involves a matrix inversion at each calculation. It is the domi-

nant cost in the updating process for the gauge fields.


