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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 F.. We calculated eigenvalue distributions of Dirac operator on
8% x4 lattice using N; = 2 Kogut-Susskind fermions. We performed fits between these lattice data and the
spectral density of random matrix theory at coupling 8 = 5.30 and iso-vector chemical potential pa = 0.0,
0.004773, 0.1 and 0.2, and then find good agreement. Especially our data indicates that F, decreases as
the iso-vector chimical potential increases. For more precise fit of a 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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3. Random Matrix Theory (RMT)

TR TCOT A — I BT DT 4T v R
ROBEAREBKOREIEE A TVEEICEY ZhE T
VEDTIITEROE D bORTA TNT o F LTS
HHmTHD. u# 02815 RMT ORI

:/@munmﬂ—NTuAAﬁ+BBU}

N . N
" l—i det my A+ pB (4)
- iAT + BT my ’

T, AL BlX NxN OBEFITHI (7=72L, FK
o HNF v —2 v =0), plZRMTIZEBT 2165 R

505

(2008)

TN THD. £, DB Z 3T 4T v 7
%%@ N EOEEE z; TET DD, IHME 2 — 2
, BOREE S L CHEF LR C, OREE X
b‘é F 4T v 7 HEFIT Schur HEEITV, #HFE
xRSy diag(z2, - - 7zN) DA DOBHBEERE T 52

EIZE W ROXZG
N
Z - H/ &z P({2)). (5)
j=17C+
= 2T P({2)) EREEES AR THY, UTFTE
oY (%)
N
P({z}) = H )| AN (%), (6)
Z ZC, Vandermonde 1747 An(2?) = Hf\;J 1
(27 — 23) WHITL 2. £, HAwIFZ+—2 O
7v—A—kaE§mfu__1 Ny) \ZHEAF
T 5,
Ny
w0 (z;) = T[(m} = 23) |2
f=1
><K0<N(12;:2u2) W) A (g

Z T, Kol 2 FZH Bessel B9 CTH 5.
Wiz, EFREAMEEMBEBEEIIKRD X 5 ICESE
Ens

Rk(Zl, e

,2k) = d? zi P({z}).

Jk-‘rl(c

ZOLE, Ri(2)IEAY MVEER TH L. K (7)
Dw ZFEHETHELLEROFFIC LY 67, HH
I A7 7 BE AR B Bk 0 & 5 B B,

zz-

Ri(z1,...,2 w™. zl det KN(Zu z7)
i1 1<,5<
= 1SC}’ejt§ka(ziazj)v 9)
::VC“, *}2 KN(ZZ‘,Z;) XN(Z“ J) iﬂx I ft:
(Laguerre ZIH:) THEL Z LN TES.
(B V BER K OMEE T, RMT X e-fEIIC R
% QCD L%fliTdh 5 9. Z ofElice\ T, %afz

IT 1 7 vy EAME, 74— 88, (bFERT Uy
N ATF—NVEE% : § =Nz (=VEz), np =
Nmy (= VEmy), o? = 2Njp? (= VE2u?) (22T,
B V(T 1 7 v 7 HET OB N) ERKOMIRIZ
BWT, ZOMOMEIIRFEEND). BARIZIE,
A, BEOU A7 —VEARKIEIRO L 51225

™ ™
fz‘:E'zm ﬂf:E'mf- (10)



7 v & TR H O 7o B IREEERS 1 Q C D DR

Z Z T, di¥ Banks-Casher Bf&=XA MV FT & 3 5%
PN IR THBD. 7 = FOBRE DM AT
IEEFRO K 5152505 67,

* 1 |£1|2 1 ‘§2|2 1
1;(51752) = Il |§1£2|K0(m)2 KO(W)z
2 2 1 )
X exp[_W] /Odt 6*204 IO(é.l t) IO(&; t),

(11)

I, Ip 3% 1 T Bessel B TH Y, ARAYR
X7 NVERIET pr(€) = H(€,€) THZBND. Fx
N AR DT T — 21X 7 L—N—H Ny = 2,
n=m=mn ToHY, T 257 =F RMT O
AR MV IZIRO XS I25 26D

* |2
G AGICE x('f?(’;:})('g £*)). (12)

4. Comparison of lattice data and RMT
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Table 1. Summary of simulation parameters (8=

5.30, V=83x4)
ua level spacing d no. of config.
0.0 2.57(4)x1073 5,000
0.004773  2.64(4)x1073 15,000
0.10 2.73(4)x1073 15,000
0.20 4.3(2)x1073 10,000
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Figure 1. Density of small Dirac eigenvalue: pa =
0.1, 8 = 5.30 and ma = 0.05 (left), o = 1.68 and
1 = 57.6 (right). a = 1.68 and n = 57.6.
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Figure 2. The eigenvalue density distribution at
pa = 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. & = 1.68 and n = 57.6.
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Figure 3. This is for tuning of the parameter a.
Green, blue and light-blue curves correspond a =
1.58, 1.68 and 1.78, respectively.
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Figure 4. Eigen value density distribution along
the imaginary axis. The histogram in black is lat-
tice data (full QCD) at pa = 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 pa = 0.20, a =
2.38 and n = 36.2.

Table 2. Estimation of F as pa increases.

pa Qfie Qgig/pa
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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6. Summary
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Figure 6. In the case of pa = 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 p; (§) by RMT (quench).
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