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Study of Finite Density Lattice QCD using Random Matrix Theory

Yuji SASAI, Atsushi NAKAMURA, Tetsuya TAKAISHI and Gernot AKEMANN

The comparison between unquenched SU(3) Lattice QCD and random matrix theory can provide in-

formation on the pion decay constant Fπ. We calculated eigenvalue distributions of Dirac operator on

8
3

×4 lattice using Nf = 2 Kogut-Susskind fermions. We performed fits between these lattice data and the

spectral density of random matrix theory at coupling β = 5.30 and iso-vector chemical potential μa = 0.0,

0.004773, 0.1 and 0.2, and then find good agreement. Especially our data indicates that Fπ decreases as

the iso-vector chimical potential increases. For more precise fit of α parameter, we also compare the first

eigenvalue distribution of random matrix theory to unquenched lattice data.
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2. Lattice Gauge Theory (LGT)
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4. Comparison of lattice data and RMT
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Table 1. Summary of simulation parameters (β=

5.30, V=8
3
×4)

μa level spacing d no. of config.

0.0 2.57(4)×10
−3

5,000

0.004773 2.64(4)×10
−3

15,000

0.10 2.73(4)×10
−3

15,000

0.20 4.3(2)×10
−3

10,000
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Figure 1. Density of small Dirac eigenvalue: μa =

0.1, β = 5.30 and ma = 0.05 (left), α = 1.68 and

η = 57.6 (right). α = 1.68 and η = 57.6.����
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Figure 2. The eigenvalue density distribution at

μa = 0.10 along the real axis (left) and the imag-

inary axis (right). The histogram in black is the

lattice data (unquench). Red, green and light-blue

histograms stand for the first, the second and the

third eigenvalue density distribution (lattice). A

blue (black) curve corresponds to RMT unquench

(quench) result. α = 1.68 and η = 57.6.
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Figure 3. This is for tuning of the parameter α.

Green, blue and light-blue curves correspond α =

1.58, 1.68 and 1.78, respectively.

Figure 4. Eigen value density distribution along

the imaginary axis. The histogram in black is lat-

tice data (full QCD) at μa = 0.0. There is no free

parameter. The other is same as Fig.2.
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Figure 5. Same as Fig.2, but for μa = 0.20, α =

2.38 and η = 36.2.

Table 2. Estimation of Fπ as μa increases.

μa αfit αfit/μa

0.0 none none

0.004773 0.08 16.8

0.10 1.68 16.8

0.20 2.38 11.9
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5. First eigenvalue distribution for complex

eigenvalues
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Figure 6. In the case of μa = 0.10, the red his-

togram stands for the first eigenvalue density dis-

tribution in LGT (unquench). The black line is the

first eigenvalue distribution p1(ξ) by RMT (quench).
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