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4

Chemical potential appears in temporal hopping

expansion in  expansion in e±µacompatible

What to expand?
TrLogDW (µ) is a good choice !

Log (I � Q) = �
X

n

nQn

n easy to expand

Meng et al. (Kentucky)numerically stable

We adopt hopping parameter expansion.
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Numerical setup
★ Iwasaki gauge action
★ Clover fermion Nf=2

• APE stout smeared gauge link
★ Box sizes

cSW = 1.1

83 ⇥ 4 123 ⇥ 4 163 ⇥ 4

β κ PCAC 
mass

mπ/mρ
0.9 0.137 0.17(13) 0.8978(55)
1.1 0.133 0.18(19) 0.9038(56)
1.3 0.133 0.088(53) 0.8656(72)
1.5 0.131 0.116(39) 0.8482(57)
1.7 0.129 0.168(21) 1.0429(46)
1.9 0.125 0.1076(68) 0.7310(95)
2.1 0.122 0.1259(11) 0.833(12)
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Test of the hopping parameter expansion

•Where to truncate the expansion? 

We have a good benchmark!

Fugacity expansion by reduction formula

P. Gibbs
A. Hasenfratz and D. Toussaint

for staggered

K. Nagata and A. Nakamura
A. Alexandru and U. Wenger

for Wilson

Numerical results Zc(n)
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Test of the hopping parameter expansion

•Where to truncate the expansion? 

We have a good benchmark!

Fugacity expansion by reduction formula

DetDW (µ) = C0⇠
�NR/2Det (⇠ +Q) =

1X

n=�1
cn(Uµ)⇠

n

Exact!
Computational cost is heavy...

Numerical results Zc(n)
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Numerical results Zc(n)
Canonical partition function measured on a single conf.

� = 1.9  = 0.1250 amPCAC = 0.1076(68) µ = 083 ⇥ 4
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���E, n

E

EV of canonical ensemble
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