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How confinement works?
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BUT… 
not really confinement… 

mess up chiral physics in vac. 
mess up hadron spectrum
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C-gauge: Separable approximation

Mean fields
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If V->0 as p-> Inf:

versus
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• UV SCALE 
• p-dep.



Dynamical Interaction

saturation dictated by UV scale  
—-> interaction becomes weak  
—> asymptotic freedom ! 
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SPEED OF SOUND V/S BARYON FLUCTUATIONS

Separable Separable



BARYON FLUCTUATIONS 
IN 

FINITE TEMPERATURE



χ2 =
∂nv

∂μ

BARYON  FLUCTUATIONS 



Proxy: interaction strength in µ-channel

  SEPARABLE MODEL



CONFINEMENT 
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ASYMPTOTIC FREEDOM



CONFINEMENT MODEL 
SPEED OF SOUND 

T—> 0
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(no confinement)

Confinement 
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preliminary result



CONFINEMENT MODEL FOR VARYING INTERACTION STRENGTH  
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Confinement model 
(Gv=0)

preliminary result
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(NORMALISED) EFFECTIVE QUARK MASS (GeV) 
Mvac = 330 MeV 

CHIRAL SUSCEPTIBILITY (GeV^2) 

Fixing vacuum naturally 
leads to a Tc ~ 155 MeV  

—> Alkofer approximation  

T_cep ~ 0.7 GeV for Gv≠0 (<1)  
μB_critical ~ 0.9 GeV (low) 

—> Confinement model

χsus =
d < q̄q >
dmcurrent

preliminary result



EXISTENCE  & MOVEMENT OF 
CEP & µ_critical 

(CONFINEMENT MODEL)
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CHIRAL 
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POLYAKOV LOOP







preliminary result

P . L . = e−βϵp=0 = e−βB(p=0)

P . L . = e−β σ
ΛIR

where , ϵp = A2
p p2 + B2

p



SUMMARY & CONCLUSIONS
• Infrared (confinement) & UV scales serve very different purposes (within the regime 

of current model). 

• Asymptotic freedom —> p-dep. & UV scale in µ-channel —> cs^2 and χ_2 receive 
essential, quantifiable contribution towards their respective conformal limits 
(even without confinement: separable model). 

• Unrealistic Gv=0 case (no p-dep. in µ-channel) : only scale is µ —> leads to 
conformal limit by accident. 

• Towards a first attempt to determine phase diagram of Coulomb gauge QCD 

• Fixing vacuum naturally leads to a Tc ~ 155 MeV —> confinement model.  

• CEP moves up as interaction strength in µ-channel (Gv) increases —> confinement 
model. 

• Polyakov loop can be computed as an observable —> doesn’t perform well as a 
deconfinement order parameter. 

• TO DO: include confinement in dense matter (ring 
Eur.Phys.J.A 58 (2022) 9, 172), include diquark. 	

Thank you for your attention.
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CHIRAL CONDENSATE

ΛIR = 0.1 GeV
σ = 0.18 * 15

Cf =
N2

c − 1
2Nc



Gv=0
Gv=0.2

Gv=0.3
Gv=0.4

EFFECTIVE 
QUARK 
MASS

preliminary result



SPEED OF SOUND : Astrophysical Constraint for high µ, low T 

E. Annala, T. Gorda , A. Kurkela , J. Nättilä, A. Vuorinen, Nature Physics, 16, 907–910 (2020)Sinan Altiparmak, Christian Ecker, Luciano Rezzolla, Astrophys.J.Lett. 939 (2022) 2, L34



SPEED OF SOUND : Astrophysical Constraint for high µ, low T 

E. Annala, T. Gorda , A. Kurkela , J. Nättilä, A. Vuorinen, Nature Physics, 16, 907–910 (2020)

Sinan Altiparmak, Christian Ecker, Luciano Rezzolla, Astrophys.J.Lett. 939 (2022) 2, L34

Dynamical  
chiral Quark Model

NJL-like theory fails



nv = NcNf
1
π2 ∫

∞

0
dqq2Θ(μ*q − q)

= NcNf
1
π2 ∫

μ*pf (μ)

0
dqq2

μ*(p) = μ − γ(p)Gvnv

nv = NcNf
1
π2 ∫

∞

0
dqq2Θ(μ* − q)

= NcNf
1
π2 ∫

μ*

0
dqq2

μ* = μ − Gvnv

Non-trivial Interacting Fermi surface !Trivial Fermi surface 

Local Interaction Dynamical Interaction

Local v/s Dynamical 
T       0 

nv = nv[μ*pf (μ)]nv = nv(μ*(μ))

= NcNf
1

3π2
μ*(μ)3

NATURAL DENSITY-
DEPENDENCE


