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« Motivation
e Restoration of Chiral Symmetry

o Chiral Symmetry and Light Hadrons
 Fluctuations and Spectral Functions
« EXperimental Signatures

=



‘ QCD Phase Diagram I
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|Issues |

o Nature of the QCD phase transitions
— where is the (Tri) critical point?
— how strong is the 1.-order transition?
— critical fluctuations?
— Deconfinement=chiral restoration?
e Signatures
— bulk thermodymanic variables
— in-medium hadronic spectral functions
— relation to deconfinement & chiral restoration?
— relevance for neutron stars
e Theoretical tools
— lattice QCD @ finite p,
— effective field theories

— non-perturbative many-body methods
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‘ QCD Phase Diagram I
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‘ Chiral Symmetry Restoration I

Hadron Gas
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‘ Chiral Symmetry Restoration I

Hadron Gas
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‘ Chiral Symmetry Restoration I

Hadron Gas
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but near the phase boundary

o proliferation of states!
e hadronic interactions!

chiral pert. theory
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| Chiral Symmetry and Light Hadrons I

nucleon mass on the lattice

\ \ ‘
e MN — 2 Parameter Fit

***** MN — 3 Parameter Fit
MN — Preferred Fit

0.2 0.4 0.6 0.8 1.0 1.2
m_? (GeV?)

D.B. Leinweber et al. PRD 61 (2000) 074502

My = aMy + frna(my)

oM, N 8fna)

SN =mo
N mQ(a@mg omg

=



Hadron Mass (GeV)

2.2

2.0

1.8

1.6

‘ Chiral Symmetry and Light Hadrons I

nucleon mass on the lattice
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‘ Chiral Symmetry and Light Hadrons I

vanishing of M, at large p leads to parity doubling!
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‘ Chiral Symmetry and Light Hadrons I

vanishing of M, at large p leads to parity doubling!
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‘ Chiral Symmetry and Light Hadrons I

mMesons
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e chiral breaking for J¥ =

vanishing of M, at large p leads to parity doubling!
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1+

2

3
and 5

e high-energy states decouple (X, = 0)

e limited number of degrees of freedom!
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scalar:

Fluctuations I

static susceptibilities reflect criticality
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scalar:
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Fluctuations I

static susceptibilities reflect criticality

F. Karsch, hep-lat/0106019
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Fluctuations I

static susceptibilities reflect criticality

scalar:

vector/axialvector:
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Xv = =
o= E@M ) - (T = 1D



Fluctuations I

static susceptibilities reflect criticality

scalar:

vector/axialvector:

§
Xv = T(
o= E@M ) - (T = 1D

correlators:

xi = VT lim Di(w,q); Di(w,q) =i [d*ze®0(xo){([Ji(z), J;(0)])

w,qd—0




| Fluctuations of the Chiral Condensate I

hadronic spectral functions

) > 1
XS = VT lim dwps(wa Cf); ,OS(W, Cf) — —;ImDS(w,cf)

w,cj’—>0 0

— soft mode spectroscopy!
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| Fluctuations of the Chiral Condensate I

hadronic spectral functions

) > 1
XS = VT lim dwps(wa Cf); ,OS(CU,CT) — —;ImDS(w,cf)

w,cj’—>0 0

— soft mode SpeCtI‘OSCOpy!
scalar spectral function

Imaginary D,

Z. Aouissat et al. PRC 61 (2000) 12202
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| Fluctuations of the Chiral Condensate I

hadronic spectral functions

) > 1
XS = VT lim dwps(wa Cf); ,OS(CU,CT) — —;ImDS(w,cf)
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— soft mode spectroscopy!
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‘ Dilepton Rates I
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‘ Dilepton Rates I
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‘ Dilepton Rates I 10
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‘ Dilepton Rates I

close to rate of free quark gas
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‘ Dilepton Rates I "

close to rate of free quark gas convolute over expanding fireball
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‘ Dilepton Rates I "

close to rate of free quark gas convolute over expanding fireball
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chiral symmetry restoration?
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‘ Vector Mesons and Chiral Symmetry I

vector axialvector

a,(q)

R. Barate et al (ALEPH) EJP C4 (1998) 409
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‘ Vector Mesons and Chiral Symmetry I

vector axialvector

a,(q)

R. Barate et al (ALEPH) EJP C4 (1998) 409

Weinberg sum rules
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HLS model:

‘ Vector Mesons and Chiral Symmetry I

M. Bando et al. PRL 54 (1985) 1215
to/Fs Fim/Fr . _ 12 2
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HLS model:

‘ Vector Mesons and Chiral Symmetry I

M. Bando et al. PRL 54 (1985) 1215
Er,p =7 TN 0= FY R
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‘ Vector Mesons and Chiral Symmetry I

HLS model: w.sandoetal PRI 54 (1985) 1215
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e RG-flow of the scale A w. Harada et al. PRL 86 (2001) 757
Fr(A); a(A); g° (M)
e matching of the vector- and axialvector correlators

pvia (A3) = pya’ (AD); Ao ~ 1 GeV
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‘ Vector Mesons and Chiral Symmetry I

HLS model: w.sandoetal PRI 54 (1985) 1215

B i I
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Dy&r = 0.8r — igpuér + iERRy

Log = FZTr[a, "] +FTr [O‘IIM J + Lxin(pp)
& 0= (Duér - ﬁR T D& &)/ (20)

e RG-flow of the scale A w. Harada et al. PRL 86 (2001) 757
Fr(A); a(A); g° (M)
e matching of the vector- and axialvector correlators

pvia (A3) = pya’ (AD); Ao ~ 1 GeV

e leads to 'BR scaling’ @ finite T" and u
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| Vector Mesons and Chiral Symmetry I

—

'gauged’ O(4) model: » = (¢o, @)
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| Vector Mesons and Chiral Symmetry I 14

—

'gauged’ O(4) model: » = (¢o, @)
M=o +iFg =A™, D =" —igV"; YH=pF+alts

1 y
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tree level results:



‘ Vector Mesons and Chiral Symmetry I

'gauged’ O(4) model: » = (¢o, q;)
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