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Parity Doublet Model
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The Parity Doublet Model (PDM)
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Thermodynamics (Mean Field)

Grand-Potential
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Completely defined thermodynamics of the system!
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Divergent contribution

Divergent part: Qo = —4> . [~ 27r)3\/]? +m (o)

@ Regularization:
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@ Renormalization:
* m(o) «— o(m)

% Umes = 1/2m20? +1/4X0* — Upes(ma) = az(m3 +m2) +as(mi +m?)

We can renormalize €2,,. using only a4 as running constant
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Renormalization Group (RG) invariance

Renormalization Scale dependent part:

g = 37 200t g el

+

The Grand Canonical potential is explicitly RG-invariant.
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i can be fixed arbitrarily (@ = myg)
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Results (phase diagrams)

Without Vacuum Contrlbutlon
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@ The Vacuum term push the chiral o
transition to high pp (and high np) E

@ 15 order transition — crossover

o Effect bigger with low mg

M. Recchi, L. Von Smekal, J. Wambach Renormalization Invariant Parametrization for Parity D September 17, 20



__________________________________________________________
Results (phase diagrams)
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Results (5-Eq)

m,, = 600.0 MeV

10°
% 60 ~ ) 107"
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. . mo Mmaz Nmax
Vacuum contrLl)utlon + B-Eq 500MeV | 1.84 My | 7.0mg
L . 600MeV | 1.7T7TMe | 7.Tng
X-transition out of densities 700MeV | 1.69 My | 7.6n0
of astrophysics interest 800MeV | 1.52 My | 8.4n0
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__________________________________________________________
Results (7" # 0 - A New Hope)

m, = 700 MeV

Pth = P(,LL, 53 T) - P(,LL, 57 0) *” B - :\i. —~ '//f/
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P
Iy =1+ —th o
Eth :

@ The adiabatic index encode the finite T effects on EoS
@ Resonances strongly modify I';j,

e Effect in NS mergers (n ~ 5 —6ng, T ~ 60MeV)
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Outlook

mg = 700 MeV
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@ SU(3) extension of the model to include hyperons

@ Use the RG-invariant framework on one-derivative extension of PDM (kinetic
mixing)

@ Include pion condensation (lattice calculation as benchmark?:2)

@ Apply the developed models to neutron star mergers, supernovae, low-energy
heavy-ion collisions
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Thank you for your attention!
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