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MOTIVATION AND CONTEXT
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Mean-field approximation
pros: cons:
« Clear and simple * It can miss something important
« It works well! (mostly) + It can generate nonphysical effects
How to go beyond?
+ Functional methods

) 1 Net Baryon Density

« Add further correction, e.g. in a gaussian approximation

What will be shown is one way to go beyond mean-field



EFFECTIVE MODEL

Start with a simple Yukawa model (1 meson + 1 fermion):
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EFFECTIVE MODEL

Start with a simple Yukawa model (1 meson + 1 fermion):
1 u - . 1 5050, A
Ly = > Ot ¢ — Vi (6) + ¢ (id — go)y, V(o) = oM o+ E(ﬁ

To get the thermodynamics: _
partition function Z = effective potential Q from Z = e~/V4?

Partition function
Z= / DPDYDpel Jx £v()

Integrate out fermions

/ DDy kTS _pet(is—) =  z-— / DoelS, (S =Sm+5)



EFFECTIVE MODEL: APPROXIMATIONS

What to do with the meson fields? Z= /D¢eis(¢)
o= P+ ®: homogeneous background, ¢: fluctuating field
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EFFECTIVE MODEL: APPROXIMATIONS

What to do with the meson fields? Z= /D¢e"5(¢)

o= P+ ®: homogeneous background, ¢: fluctuating field

Mean-field approximation: Set o 0 = Z = e/5(%)
Q= 1m2d>2 + l(I)2 + itr/log(i871)
2 4! k
To go beyond: Expansion in ¢
35(¢) 65(¢)
S(o =S(o — =\
(®+0)=5(®)+¢ 56 om0 T 5468 lomo

Gaussian integral for mesons

Gaussian approximation /D<p b Lolig e _ Det(ig”)‘%

1 1 . . i .
Q=-m?d? + —? +ltr/|og(13_1) - itr/log(lg”)
2 4! k 2 k



SOME CLARIFICATION

Questions might arise naively:

» What is the small parameter?
« How we get closer to the physical case?
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SOME CLARIFICATION

Questions might arise naively:
No small parameter

+ What is the small parameter?
We are always "there"

« How we get closer to the physical case?

™ T . .
Physics
all loop and = A —+ by by
everything
- - T T

Even in the simplest case: Physics contained in the parameters
Keeps the structure of the underlying symmetry

Going beyond: Extra structure can be important



LINEAR SIGMA MODEL / QUARK MESON MODEL

Simple models with:

» Mesons as main degrees of freedom
+ Chiral symmetry as basic structure
+ Constituent quarks in a Yukawa type term
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LINEAR SIGMA MODEL / QUARK MESON MODEL

Simple models with:

» Mesons as main degrees of freedom
+ Chiral symmetry as basic structure
+ Constituent quarks in a Yukawa type term

Lagrangian:
2
c :%Tr (am*a%) - %szr <¢T¢) — (Tr(¢T¢)) —Tr ((qsw))z)
+Tr(Hg) + 1 (Det(9) + Det(¢)) + ¥ (id — gM)) v
with ¢ = S + i P, containing pion, (kaon,) eta, sigma, etc..., while M = S + iysP

+ Vector and axial-vector mesons (ELSM)
+ Polyakov loop to mimic the confinement
+ Further hadronic fields to describe more dofs



Thermodynamics: Mean-field level effective potential
« Classical potential.
+ Fermionic one-loop correction (vacuum part properly renormalized)

(T, 1) = Ve + itr [ o (1557 1))

Field equations (FE):
OQur _ OQur _ Omr _ OQmF o
dpn s e v

Curvature meson masses:
0? QMF

" 9padep

MiwFyab

{vi}=0



LSM GAUSSIAN

Thermodynamics: Gaussian effective potential
« Classical potential.
+ Fermionic one-loop correction (vacuum part properly renormalized)
+ Meson fluctuations are included (only the pion for now and thermal fluctuations)

i .
SZG(T7 ﬂq) = QMF(T» /l,q) —_ 5tf\/K IOg (lG 1(T7 Uq, MfMF)))

Field equations (FE):
00 09 0% 9%

dpy ~ Ops 0P oP

Curvature meson masses:
0? QMF

= 9padep

Miweyab

{vi}=0



RESULTS: PHASE TRANSITION AT g = O

The transition temperature decreases (good news for ELSM)
The mesonic pressure corrects the T < Tpc behavior
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RESULTS: PHASE TRANSITION AT pig = O
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What can go wrong?
The pion mass!
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RESULTS: PHASE DIAGRAM AND THE CEP

T[GeV]

A slight shift in the critical endpoint

Note: the meson fluctuations have no ug dependence
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SUMMARY

- Effective models are simple and useful tools to investigate the phase diagram.
« The usual mean-field approximation works surprisingly well.
+ We implemented a beyond mean-field, Gaussian approximation.

« The Gaussian approximation slightly modifies the phase diagram
but also qualitatively justifies the mean-field results.

» The problem with the pion mass shows that something might be incomplete.
+ How to handle properly the mesonic vacuum fluctuations?
« What are the beyond mean-field effects? E.g. what can be seen for the critical scaling?

+ Meson fluctuations in the meson masses?

n/n
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