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On the Aspects of Fermion Matrix in Lattice QCD at Finite Density

Yuji SASAI, Atsushi NAKAMURA and Tetsuya TAKAISHI

Once the quark chemical potential μ is introduced in Lattice QCD at finite density, the fermion deter-

minant det∆(μ) appeared in the path integral measure becomes complex. In order to investigate the phase

effect of SU(3) lattice QCD, we calculated the fluctuation of the phase of det∆(μ) on a 8
3

× 4 lattice at

μa = 0.1, 0.2 and 0.25, as functions of β = 2N
c
/g

2

from 5.20 to 5.40, where a is the lattice spacing. Then

we calculated the chiral condensate and Polyakov line in the phase qucneched and reweighted cases. There

is little difference between these two cases in these range of μa. To examine phase effects more, we study

the range of μa = 0.0 ∼ 1.4. We confirmed that the conjugate gradient calculation is possible in the higher

density region though it was difficult in the intermediate density region (approximately μa = 0.3 ∼ 1.0).

We calculated the the chiral condensate, Polyakov line, quark number density and the phase effect as

functions of the μa at β = 5.30. We also investigated eigenvalue distributions of the fermion Matrix.
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3. Numerical Investigation
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Figure 1. 〈cos(θ/2)〉0 for μa = 0.1, 0.2 and 0.25, as

functions of β
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Figure 2. Phase quench and reweighted chiral con-

densates 〈
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ψψ〉 for μa = 0.1, 0.2 and 0.25, as func-

tions of β
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Figure 3. Phase quench and reweighted Polyakov

lines 〈ReL〉 for μa = 0.1, 0.2 and 0.25, as functions

of β
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Figure 5. 〈cos(θ/2)〉0 for β = 5.30, as functions of
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Figure 6. Reweighted chiral condensates 〈
¯
ψψ〉 for

β = 5.30, as functions of μa
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Figure 8. Quark Number Density n for β = 5.30, as

functions of μa
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Figure 9. Eigenvalue distributions of KS fermion

Matrix for μa = 0.0, 0.2, 0.5 and 1.0 at β = 5.30
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