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Main ideas for this lecture (punchline):
e How to understand the statement: “A system of interacting elementary particles can be
reformulated as a system of noninteracting resonances” ?
e Bound states can be treated as a new species =— “chemical picture”

e Physical picture: there are also scattering states!
EoS with bound and scattering states: Beth-Uhlenbeck EoS (1936/37)

e Generalized Beth-Uhlenbeck EoS includes the Mott transition:
bound states —> resonances in the scattering continuum
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CHIRAL MODEL FIELD THEORY FOR QUARK MATTER

e Partition function as a Path Integral (imaginary time 7 = i t)
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Z|T,V, ] = / DqDqexp { / dr /V dxlq(iy' 0 —mo =g+ > GM((JFMQ)Q]}

M=r,0c
e Couplings: G, = G, = G (chiral symmetry)
eVertices: I', =1p®1; @1, [ =130 TR 1,

e Bosonization (Hubbard-Stratonovich Transformation)
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exp [Gg(q‘l“gq)ﬂ = const. / Do exp [@ + ngqal

e Integrate out quark fields — bosonized partition function
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Z|T,V, u —/DO‘DT(GXP T + —Tr InS [0, 7
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e Systematic evaluation: Mean fields + Fluctuations

—Mean-field approximation: order parameters for phase transitions (gap equations)
—Lowest order fluctuations: hadronic correlations (bound & scattering states)




MEAN FIELD PLUS (GAUSSIAN) FLUCTUATIONS

e Separate the mean-field part of the quark determinant
Tr InS™ o, 7] = Tr nSypm] + Tr In[1 + (o + iy577) Svr[m]]
e Mean-field quark propagator

voliwn + p) =7 -pAm
(iwn + p)* — E2

SME(P, twy; m) =

e Expand the logarithm: In(1+z) = = > 7 (=1)"z"/n =z — 2%/2 + ...

n=1

e Thermodynamic potential in Gaussian approximation
T, p) = =T Z(T, 1) = Qe (T, 12) + 2 2)(T, 1) +

Ny

Q(Tv ,LL) - 9

d’p 1
/( P Zew’mln 1 —2GsMly(p)iv,)] , N, =1, Ny =3

e Mesonic polarization Ioop
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