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INTRODUCTION TO THE FUNCTIONAL RENORMALIZATION GROUP METHOD (FRG)

Calculating thermodynamic guantities in interacting quantum field theories on finite chemical potential is challenging. Functional renormalization group (FRG) is a general method to calculate the effective action of the system.
Using a renormalization scale the FRG method can provide an effective action that incorporates quantum fluctuations. Thermodynamic guantities can be derived from this effective action. The scale dependence of the effective
action (I, ) is determined by the Wetterich equation, which is an exact equation if the form of effective potential is given. The theory is defined at some UV scale, by the UV-scale effective action. Using this as the initial condition

we integrate the Wetterich equation to determine the effective action at k=0. This way the effective action at k=0 contains all quantum mechanical effects.
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» Exact solution
» Non-perturbative description
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INTERACTING FERMI-GAS MODEL

The Wetterich-equation for the Fermi-gas model.:
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- Can be used to find a general method to solve FRG equations ¢ potential to provide an equation of state of nuclear matter in neutron stars.

for fermions on finite chemical potential and zero temperature €rms

» The fermionic and bosonic degrees of freedom are separated into two terms
We study the scale dependence of the potential only!!

- Easily extended to Include vector mesons, hence it can be » The Yukawa-coupling (g) modifies the the chemical potential of the fermions

used as a generalization of the o-w model (Walecka model)
» At zero temperature the Fermi distribution becomes a step function which makes

this equation difficult to solve, because the lack of stability of the result

RESULTS

Potential in one-loop approximation

SOLUTION METHOD

» The solution converges fast as the order of the expansion o - _ o _ _ _ _
At zero temperature, the Fermi-Dirac distribution becomes a step function and divides the k-¢ plane into two different regions. There is a

Fermi-surface
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_ » The phase diagram of the interacting Fermi gas in different Fermionic vacuum fluctuations and thermodynamic
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The solution is expanded in an orthonormal function basis which matches the transformed boundary conditions.
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Energy density [MeV*] The square root is expanded to study the behavior of the approximation. The transformed equation with the expansions:
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-_ one loop and mean field approximations. M < 1,5 M., and the Fermi surface on zero temperature and the finite chemical potential.
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