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(Grand canonical ensemble
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(Grand canonical ensemble
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Partition function Zg(T,e",V) is numerically expensive

Zg(T, s V) - Z Zc(T, 1, V)fn
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Partition function Zg(T,e", V) is numerically expensive

Numerical Fourier transformation is difficult.

| Cauchy's in
il df —n—1
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Plan of the talk

1. Introduction

2. Winding number expansion
3. Numerical setup

4. Numerical results

5. Hadronic observables

6. Conclusion
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Everyone need to evaluated Det D(W) to get Za(w)

Chemical potential appears in temporal hopping

Dy (p) =1 — Qs + xe *QF + ke H*Qy

expansion in & <« W/27/2 % expansion in ¢

We adopt hoppig parameter expansion.

TrLogDw (1) is a good choice !
Log (I — kQ) = —Z Kﬂ?

n
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Grand partition function Zac(Ww) re-weighting technique

DetD
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Grand partition function Zac(Ww) re-weighting technique

DetD
/DU i W(M) DetDW(,uo)e_SG

i < Det Dy (1) > Z(;(,ufst to O or imaginary
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% Iwasaki gauge action

% Clover fermion Nf=2

* APE stout smeared gauge link

% Box sizes

3 K PCAC m = /mp

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)
2407 0.129 0.168(21) | 1.0429(46)
1.9 0.125 10.1076(68)| 0.7310(95)
2.1 0.122 10.1259(11)| 0.833(12)
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Z.c(n)

Test of the hopping parameter expansion

* Where to truncate the expansion?

We have a good benchmark!
Fugacity expansion by

P. Gibbs

A . Hasenfratz and D. Toussaint

K. Nagata and A. Nakamura
A. Alexandru and U. Wenger
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Z.c(n)

Multi precision for Fourier transformation
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Z.c(n)

Multi precision for Fourier transformation

We adopt winding number=120
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Canonical partition function Z¢ (T,n,V) = |Z¢(3,n)|e? P
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Canonical partition function Z¢ (T,n,V) = |Z¢(3,n)|e? P
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Canonical partition function Z¢ (T,n,V) = |Z¢(3,n)|e? P
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Canonical partition function Z¢ (T,n,V) = |Z¢(3,n)|e? P
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Zc(n)l

Canonical partition function Z¢ (T,n,V) = |Z¢(3,n)|e? P
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Phase(Zc(n))

Canonical partition function Z¢ (T,n,V) = |Z¢(3,n)|e? P
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Phase(Zc(n))
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Chiral condensate in canonical ensemble
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Chiral condensate in canonical ensemble
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density QCD.
.»  Hopping parameter expansion works more
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Chiral condensate in canonical ensemble
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Chiral condensate in canonical ensemble
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