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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 u is introduced in Lattice QCD at finite density, the fermion deter-
minant det A(u) 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 A(u) on a 8% x 4 lattice at
pa = 0.1, 0.2 and 0.25, as functions of 8 = 2Nc/g2 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 pa. To examine phase effects more, we study
the range of pa = 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 pa = 0.3 ~ 1.0).
We calculated the the chiral condensate, Polyakov line, quark number density and the phase effect as
functions of the pa at 8 = 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(0/2))o for pa = 0.1, 0.2 and 0.25, as
functions of 3
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Figure 2. Phase quench and reweighted chiral con-
densates (1)) for pa = 0.1, 0.2 and 0.25, as func-
tions of G
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Figure 3. Phase quench and reweighted Polyakov
lines (Re L) for pa = 0.1, 0.2 and 0.25, as functions
of 3
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Figure 4. Schematic phase diagram of QCD in the
(8, pa) plane
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Figure 6. Reweighted chiral condensates (1)) for
B = 5.30, as functions of ua

b, EAFEROMEEZTRLTWD. @EEHEKT
boTh, EAFEROME LMY = o FORERIC
=D RN Do T

X 8127 4 — 7 B n OFFEREREEZ R LTV 5.
pa DR LI, 74— 7 BUEFE n OEI 3 12T
WL SRR T — O EHEE 312X D HR LA i
LTWARW=®THD. Harsenfratz & Toussaint (2
£ % 4 BB IT D3RR R & EHEMIC—F L T
% 0. £z, ERUTHABEZ +—7 OBHEOFRERER
Thd. KEEFERCIIMAERRHLHED 7 +—
IREE LR B LTWBEA, Ml 3123 < D
XLV EEEIRREIZZ2 > T L Th D, £z, PHE
JEREI pa = 0.5 ~ 0.9 ORI T HEHREGIE, FF
FOWENED T2 DITH NI e v Dl (XY,
RAF L OEE m = 45TMeV (ma = 0.57) I D%
FEREIRD D, FHEDNEE L 2D DRG0 5.

X 9 ALFRT )b pa = 0.0 ~ 1.4 OFPHT
HELEZKS 7 =V A U ATHIOEFAESAD 5 b,
pa=0.0, 0.2, 0.5, 1.0 ® 4 SDOFERERT D, 7=
2L, ZNBiE 1 SOF —VEICK LT o EAE
DATHY, P E L7 b O TIERW. 723,
X oA | LA S [ A 22 [ 00 SRy, ftlih i TR sk
DTHDH. pa=00 OHEETT 2 TFOGEERT
THY, 7+ —7EHE ma=0.05 2% L TEER
38 0.05 OALEIZEAEIZ AT 5. pa = 0.2 O
EIIAIREEE RIS U, FEA A0 1253250853 0.05
ZE LT, ERF RIS OMRNIEN > TWE, &
By 0.0 DELSY OALE DR FE 4347 3538 < 72> T
<. EbIT, HLBARIEC X DEENREEC 2> T

ettt Hk &ha

0.25——T— 7T T T ]

: x ;

0.2_— x Y
2 i ]
@0.]5- ]
5] .
2 { X ]
A Ui 1 i
W o -
-I z :
0.05F . "
0- i | 1 1 1 | 1 | 1 | 1 | 1 T-‘

02 04 06 08 1 12 14

ua

Figure 7. Reweighted Polyakov lines (L) for § =
5.30, as functions of ua
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