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The QCD Phase Diagram
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Nonzero baryon density tells us about
general properties of strong interactions
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Strong Interactions and Finite Baryon density in the XXI Century
shift of the focus at the turn of the decade
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THE THEORETICAL APPARATUS: QCD, THE
FIELD THEORY OF STRONG INTERACTIONS
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LATTICE QCD ALLOWS FIRST PRINCIPLES
CALCULATIONS FROM THE QCD LAGRANGIAN

L=Lyp+Y(iyDy+m+ pyo)v

We can tune physical parameter, as in real experiments: baryon chemical potential,
temperature, isospin chemical potential, strangeness, .

We can also play with number of color and number of flavor.

We can address phenomenological issues as well as theoretical questions.




COMPUTATIONAL SCHEMES

Z = [ dédpdUe 4 5(¢, 0, U) = [T dt [ d'zL (s, PU)
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Loop = Ly + V(i D, + m)v + pdy

Two options:
1. Integrate out gluons first:

E(Ta My 11'-7"'- ¥, ["'r} = E[T! H '1."T-']1- 1,'5’] -
effective approximate fermion models

2. Integrate out fermions exactly as S is bilinear in ¥, ¥
S = Synu(U) + PpM(U)p

Z(T,n,U) = /dUE—(S}’j,-f[U]I—Eug[dc:.'l,-f]] .

starting point for numerical calculations




Optionl: The strong coupling expansion

A long history..
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The Strong Coupling Expansion
approaching the continuum limit

Phase Diagram Evolution with Increasing § = 2N./g*
Next-to-Leading Order of 1/g? Expansion

K. Miura, T-Z. Nakano, A. Ohnishi and N. Kawamoto
Phys. Rev. D 80 (2009), 074034.
Courtesy Kohtaroh Miura




