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1.Quarkyonic matter

4.Results

2.How to introduce
color superconductivity?

3.ColorSuperconducingQuarkYonic

(CSQY) EoS

❑ phenomenologically introduced crossover transition from hadron to quark matter [1]

❑ hadrons and quarks treated as quasiparticles

❑ Main idea: 
→ representation in 3-momentum space→ Fermi spheres and Pauli exclusion principle

- low momenum states→ Fermi sphere of hadrons
- before : no quark momentum states

- chemical potential of quarks > mass of quarks→
onset of quarks
- quarks form own Fermi sphere (low momentum
states)  

→ hadrons: only high momentum states (shell)

- Fermi sphere of quarks grows
- shell of hadrons shrinks (vanishing)

❑ model already applied to symmetric, pure neutron and    
- equilibrated matter [1,2,3]

❑ quarkyonic matter as part of the QCD phase diagram
also found from holographic principle [4]
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❑ 2SC phase→ 2 colors of quarks paired / one unpaired

❑ Nambu-Gorkov (NG) formalism applied for low-momentum states 
→ single particle  distribution of paired quarks

❑ single particle distribution:

including single particle energy shifted by         :  

baryon density: 

❑ summary: paired quarks → single particle distribution cut by high 
momentum baryons → introduced formfactor → nonlocal treatment

unpaired quarks → single particle distribution = Fermi-Dirac 
cut at high momenta

❑ for the hadronic EoS we apply an approach motivated by metamodelling
but including kinetic energy terms

❑ we obtain a hybrid EoS ranging from purely
hadronic to quark matter at high densities

❑ attach low density EoS (crust) to produce
M-R curves and satisfy cEFT constraints

hadron shell:

❑ the width of the shell is parametrized via the equation
above and vanishes as a power law

❑ here we use the exponent (     > 3) 

❑ corresponding M-R curves of CSQY neutron stars show
addional stiffness→ increased masses and radii

❑ constructed EoSs provide reasonable M-R curves and agreement
with recently updated constraints from astrophysical data

❑ this work provides first description of quarkyonic matter including 
color superconductivity [5]

❑ future works shall include even more features
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low densitites:

at             :

high densities:

❑ we find increased peaks in speed of sound
→ additional stiffness due to the paired quarks

We explore the role of color superconductivity (CS) in quarkyonic matter under the conditions of color and electric neutrality at strong and β-equilibrium, as relevant for neutron 

stars. By explicitly incorporating color-superconducting pairing gap into the phenomenological model of a crossover transition from hadron to quark matter, we extend the known 

quarkyonic framework to include this essential aspect relevant at high densities. While asymptotically conformal behavior of the present model is ensured by construction, we 

demonstrate that reaching the conformal limit in agreement with the predictions of perturbative QCD is provided by the proper momentum dependence of the pairing gap, 

motivated by effective chiral quark approaches with nonlocal interaction among quarks. We utilize the flexible metamodelling approach to nuclear matter, analyze the structure of 

the shell of hadrons in momentum space and focus on the effects of color superconductivity in quarkyonic matter. Similarly to the effects caused by the onset of quarkyonic phase, 

color superconductivity leads to stiffening of the equation of state (EoS) of the neutron star matter. This causes a significant impact on observable properties of neutron stars, 

which are analyzed and compared to recent astrophysical and theoretical constraints.  We argue that the developed model of color-superconducting quarkyonic matter provides a 

new consistent tool for studying the scenario of smooth quark-hadron crossover in neutron stars.

Publication is

coming soon!

❑ pressure-energy density curves 
fulfill constraints from NICER and 
pQCD

❑ additional conditions:
▪ -equilibrium
▪ electric charge neutrality
▪ color neutrality
▪ strong equilibrium 


