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Real QCD - expected phase diagram
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Region of interest for our simulations
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Canonical partition function

e Grand canonical partition function

e Canonical partition function from fugacity
expansion

e Discrete vs continuous Fourier transform




Grand canonical partition function
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Canonical partition function :
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Using the fugacity expansion Z..(V,x,T)= ZZ V,n T)eT we get

Z.(V, nT)_—j dpe™Z . (V,u=igl,T)
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Canonical partition function

Z.(V,n,T) :jDu el det M2(U)
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Projected determinant

det M?(U) :ijoz”dgpe-iw det M2(U, 1 = igT)
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Projected determinant
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Projected determinant
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Sector mixing
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Canonical partition function

Z.(V,n,T) :jDU el det' M2(U)
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Algorithm )“p'ex

Z,(V,nT)=[DU e %" =

2
[ DU &%) |Redet, M Z(U)“R:ZtgtMM(szL)J)‘
\ y ) ~ J
Phase

Redet, M*(U)]

det M (U, 0)
AN J
N Yo

jDu e %W det M2 (U, 0)
\
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Simulation parameters

All 7uns are on & 4% lattice with Wilkon ferinions at & = 0,158,

i auf fn § my(le¥) | V-1 {Ffm—%) | TikeV
5.00 | 0.343(2 026 71 0.387(7, 14401}
500 | 032204} O15(1.31 046817} 153123
5.15 | 031303} O42(11% 0510015} 157123

5.20 | 0.300(1} | 945(5] 0.579(6 16471}
5.25 | 0.284(5]} L5 [ 2007 0.682(36) 173(32)
5.30 | D.26001} | 9739 0. 8S0( 110} 1897 1)

535 | 0.233(21 | 950i14; | 1.235(321 | 211(2)

We set N=12 and we run three sets of simulations: k=0, 3 and 6.
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Run parameters
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Phase diagram
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Polyakov loop
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Chemical potential

4, =FE(B+1)—F(B)=-—1In

£ L

ZB+1

1

p

|n<e—ne>
3B

600

L L L L
150 160 170 180

UK  Andrei Alexandru

190

200

XQCD - Brookh

aven - August 2006



Maxwell construction

okhaven
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Phase transition line
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Plans

e Increase volume from 474 to 6”\3x4:

e Physical volume is increase by a factor of 3.4 allowing finer steps in the
density directions.

e Computation time for the determinant increases by a factor of 38.
e Increase N to 60 to allow simulations with 10 baryons:
e We need at least 3.4 more baryons to reach the same densities.

e Kratochvila and de Forcrand work with 4 degenerate flavors suggest
that 10 baryons would be enough to scan the coexistence region on a
673x4 lattice.

e The simulation time increases by a factor of 5.

e Unfortunately the cost of such a simulations is at least 200 times more
expensive: most of the increase comes from the poor scaling of the LU
decomposition needed to compute the determinant exactly.
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Algorithm -- estimator

Z.(V,n,T)=[DU e %W det M?(U)

det M?(U)

|pe .= detM?(U)
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The updating process

Z.(V,n,T)= .' DUD¢ e~ det M2(U) f. (U, &)

= [DUD¢& e detM?(U) | f,(U, &) f(U.0)
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The accept/reject steps are based on the ratios
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Setting up the estimator :
detM =e™™"" (6,0)=TrInM, P(g,=0)=0
(0.0) =5 TrInM, P(g, =0) =
TrinM = [d7 g() ' .

(9k(m)) = %Trln M, P(g, =0)= kT

f(7,7,,..) =1+ 09,(m) + 9, () 9,(77,) + 9,(72,) 9, (12,) 95 (725) + ...

<f(771,772,...)>=det|\/|

UK  Andrei Alexandru XQCD - Brookhaven - August 2006



Variance

Estimator variance for o, >=0, 1, 2, 3 and 4
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Pade approximation

K
IndetM =TrInM =b, Trl +ZTrb—k
k=1 Ck-I-M
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Trace Improvement

TrinM =Idn7f|\/|77

TrinM =b, Tr +ZTr
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Future plans

e Investigate possible problems:
e Acceptance rates
e Sign problem
e Autocorrelation time
e Z(3) symmetry
e Scan the parameter space to determine optimum parameters.

e Determine how the algorithm scales with volume,
temperature and baryon number.

e Determine phase boundary
e Move to smaller quark masses (use clover fermions)
e Use chiral fermions? (distant future)
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