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Real QCD – expected phase diagram

T

μ

early universe

ALICE

<ψψ> > 0

SPS

quark-gluon plasma

hadronic fluid

nuclear mattervacuum

RHIC
Tc ~ 170 MeV

μ ∼ o

<ψψ> > 0

n  = 0

<ψψ> ∼ 0

n  > 0

922 MeV

phases ?

quark matter

neutron star cores

crossover

CFLB B

superfluid/superconducting

2SC

crossover



Andrei Alexandru xQCD - Brookhaven - August 2006

Region of interest for our simulations
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2 flavors QCD – Phase diagram
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Canonical partition function

Grand canonical partition function
Canonical partition function from fugacity 
expansion
Discrete vs continuous Fourier transform
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Grand canonical partition function
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Canonical partition function
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Canonical partition function
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Projected determinant
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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
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Algorithm
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Sign problem
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Simulation parameters

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
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Maxwell construction
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Phase transition line
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Plans
Increase volume from 4^4 to 6^3x4:

Physical volume is increase by a factor of 3.4 allowing finer steps in the 
density directions.
Computation time for the determinant increases by a factor of 38.

Increase N to 60 to allow simulations with 10 baryons:
We need at least 3.4 more baryons to reach the same densities.
Kratochvila and de Forcrand work with 4 degenerate flavors suggest 
that 10 baryons would be enough to scan the coexistence region on a 
6^3x4 lattice.
The simulation time increases by a factor of 5.

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
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The updating process
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Setting up the estimator
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Variance
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Pade approximation
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Trace improvement
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Future plans

Investigate possible problems:
Acceptance rates
Sign problem
Autocorrelation time
Z(3) symmetry

Scan the parameter space to determine optimum parameters.
Determine how the algorithm scales with volume, 
temperature and baryon number.
Determine phase boundary 
Move to smaller quark masses (use clover fermions)
Use chiral fermions? (distant future)


