N = 3 Critical Point from Canonical Ensemble

® Finite Density Algorithm with Canonical
Approach and Winding Number Expansion

® Update on Ng = 4, and 3 with Clover Fermion

® New Algorithm Aiming at Large Volumes
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A Conjectured Phase Diagram

QGP

g
S,
n .

=
e,

T lattice QCD -~ first order

critical point

hadron gas

color
vaccum superconductor




000
0000
o000
o000
. . . . o0
Canonical partition function :
1 Tet e e e e e e e fe*
=
< V -
k=4V
Using the fugacity expansion Z..(V,u,T)= ZZ V,k T)eT we get
k=—4V

Z.(V K T)—— j dpe ™ Z (V, pu=igl,T)



Canonical approach

K. F. Liu, QCD and Numerical Analysis Vol. lll (Springer,New York, 2005),p. 101.
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Canonical ensembles
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Winding number expansion (I)

Trlog—— loop—— loop expansion

TrlogM(U,¢) = Ao(U) + Sloop(U, )
= Ao(U) + [X e™ Wi (U) + e W)
k

W, = 5 57 e "trlogM (U, ¢)

TriogM(U,¢) = Ao(U) + [3 e™Wi(U) + e *W(U)]
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= Ag(U) + 3 Ay cos(kd + 0) [ ay=2/wi =0,
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Winding number expansion in canonical approach to finite density
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Observables

Polyakov loop
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Phase diagram
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Baryon Chemical Potential for N; = 4

(m

63 x 4 lattice,
Clover fermion
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Phase Boundaries from Maxwell Construction

N; = 4 Wilson gauge + fermion action
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Phase boundary

Phase boundary of Ng=4 in canonical ensemble
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Phase Boundaries
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63 x 4 lattice,
Three flavor case (m_ ~ 0.8 GeV) Clover fermion
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Critial Point of N, = 3 Case

m, ~ 0.8 GeV, 6° x 4 lattice

UK, 2007, page 15



Sign Problem?

07 —
06 |
05 |
04|
0.3 | |
TR BERY
A ) ¢
S . O I 3

9 10 11 12 13 14 15 16 17

Ng

O

(9]

—~ ==
i
OCOO00
00 Q0 €O O
WNONDN,
— — =

1

<>

T

16

T —
Finitz dansity simulation with 2 canonical 2nsamolz Anyl Ll = Lz Z2ddg Willizinsetre)



Update

1 Previous results were based on accepted configurations
with 16 discrete ®@’s in the WNEM and reweighting with
“exact’ FT for det, with sufficient @’s [16, 128] so that
A /A, is less than 10-%.

1 Updated results on N = 3 is from accepted
configurations with sufficient @’s for "exact’ det,.



Chemical Potential at T = 0.83 T
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Challenges for more realistic calculations

1 Smaller quark masses: HYP smearing, larger
volume.

1 Larger volume:

larger quark number k to maintain the same baryon
density - numerically more intensive to calculate

more P’s.
Any number of ®’s in one stroke mehod for the
Wilson-Clover fermion is developed by Urs Wenger.

Acceptance rate and sign problem - isospin
chemical potential in HMC and A/R with det,.
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Canonical Ensemble Approach:

2zl B

Zg(T,V) = 2£ Id/l Zsc (ir)e /e
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is real

INT 2008, page 24
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Winding number expansion (l1)

For

detM(U, ¢) = exp(TrlogM (U, ¢))
So

log det M (U, ¢) = Ay + Aj cos(o + 01) + As cos(20 + d9) +
det M (U, ¢) = exp|Ay + Ay cos(¢ + 01) + Ag cos(2¢ + d2) +

The first order of winding number expansion
d@tM(U, @)]{:1 = exp(A1 COS(¢ + 51))

Here the important is that the FT integration of the first
order term has analytic solution

IQT do e~k o[Arcos(ot01)] eikélfk(ﬂl)

Ix(z) is Bessel function of the first kind .

Winding number expansion in canonical approach to finite density W



