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Introduction

* Experiments: baryon AND isospin density
> Neutron stars (high pg, low T')
> RHIC (low g, high T

» Most studies: uy =0, except low T
> Neutron stars
> LOFF phase
— What about higher T'?

 QCD phase diagram with py, g, T'£40

e Random Matrix model




Outline

* Quick overview of QCD phase diagram
> pur=0, up#0, T H#0
> up=0, ur#£0, T #0

e Random Matrix Theory
> Description of the model
> Range of validity at py, ug, T'=0

 Random Matrix model with g, g, T'£40
* QCD phase diagram (INy =2, m, 7 0)

e How to test these results?




QCD: =0, up7#0,T#0
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> Color Superconductivity, Critical endpoint
e Random Matrix, NJL, Ladder QCD
» Lattice — low upg only




QCD: up=0, uy 70, T#0
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> Superfluidity, Tricritical point,
» Chiral Perturbation Theory, Lattice
e Phase diagram similarto N.=2, ug #0




Lattice: N.=2, ugp7#0,T #0

Wilson Line and Condensates on 12x12x12x6 lattice, chem pot=0.30, m=.05, lambda=0.005
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Evolution of Diquark Condensate at beta=1.87, chemical potential=0.40, m=.05, |lambda=0.005
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Random Matrix Theory: pupg, poy, I'=0

e QCD partition function

Zqcp = / dA] Hdet(il){- mf) e~ Sym
f

e Random Matrix Theory partition function

ZaMT = / [dW] H det(¢D + my) R A
f

>

9

W=nXmn




Random Matrix Theory: pupg, poy, I'=0

 Random Matrix Theory partition function
> Same symmetry as QCD partition function
> No dynamics

e Spectrum of Dirac operator
Berbenni-Bitsch et al., PRL 80 (1998) 1146
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> Lattice, Chiral Perturbation Theory

> Valid if L < 1/mr




Random Matrix model: pug, oy, T' 70

e Partition function

ZRrMT = /[dW] Hdet(iD"l'mf‘f'ﬂf’Yo) o~ "G TTWWT

I
ma 0 W4+ Q4+ pa 0
0 mao 0 W 4+ Q + p2
>
—WT — QT + iy 0 ma 0
0 —WT—QT—I—[J,z 0 mo




Random Matrix model: pug, oy, T' 70

 Random Matrix model partition function

ZRMT = /[dW] H det(¢D~+m ¢+ +70) o~ G2 TTWWI
I

1) Determinant as integral over fermions

2) Integration over W (Gaussian)
— Four fermion term

3) Hubbard-Stratonovich transformation
= Mesons

4) Integration over fermions

—> Effective action with mesons (exact map.)




Random Matrix model: pug, oy, T' 70

o Effective action identical to zero-momentum
part of Chiral Perturbation Theory at ug, T'=0

e Saddle point approximation of effective action
> Ansatz — order parameters

o1 = <’l_£’u,>
p = 3((@ysd) — (dysu))

> Study like a Landau-Ginzburg model




Random Matrix: g 7% 0, iy =0
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* NO CSC, but Critical endpoint
e Lattice, Nambu—Jona-Lasinio, Ladder QCD
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Random Matrix: g =0, gy 70
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Superfluidity, but NO Tricritical Point
Lattice, Chiral Perturbation Theory



Random Matr
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mG = 0.1

> Hadronic phase, Superfluid phase
> High py = (Grqr) <1




Random Matrix: ey, g, T'£0
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Random Matrix: ey, peg, T' 40
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> Doubling: phase transition lines, critical endpts
> Critical endpoint at lower pupg for fixed py < mi

= RHIC: 2 crossovers or first order phase trans.
—> Study of critical endpoint easier T

" |




How to test these results?
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 Lattice
> 3-color QCD: methods used for low up
> 2-color QCD: large m,, fixed puy <m,

— Random Matrix model for 2-color QCD




Random Matrix
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Conclusions and Outlook

* Influence of small vy on QCD phase diagram
> Doubling: phase trans., critical endpoints
> Critical endpoint at lower pug, same T

e Predictions can be tested on lattice
> 3-color or 2-color QCD

* Consequences for RHIC:
> Two crossovers or two first order phase
transitions at low upg
> Critical end point at lower g = more
Important
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