
Massive neutron stars with quarks
Vector–interaction–enhanced bag model
Mateusz Cierniak
mateusz.cierniak@ift.uni.wroc.pl

The Dyson–Schwinger equation formalism
In–medium quark propagator

S(p2, p̃4)−1 = i~γ~pA(p2, p̃4) + iγ4p̃4C(p2, p̃4) + B(p2, p̃4),
The Dyson–Schwinger equation for the quark propagator

S(p2, p̃4)−1 = i~γ~p + iγ4p̃4 + m + Σ(p2, p̃4),
with p̃4 = p4 + iµ, and the self–energy term

Σ(p2, p̃4) =
∫ d 4q

(2π)4g
2(µ)Dρσ(p − q, µ)λα2 γρS(q2, q̃4)Γασ(q, p, µ),

Truncations:
g2Dρσ(p − q) = 1

m2
G
θ(Λ2 − ~q2)δρσ,

Γασ(q, p, µ) = λα

2 γσ.
Derived gap equations:

p̃2
4C(p2, p̃4) = p̃2

4 + 8
3m2

G

∫ d 4q
(2π)4

p̃4q̃4C(q2, q̃4)
~q2A2(q2, q̃4) + q̃2

4C 2(q2, q̃4) + B2(q2, q̃4),

B(p2, p̃4) = m + 16
3m2

G

∫ d 4q
(2π)4

B(q2, q̃4)
~q2A2(q2, q̃4) + q̃2

4C 2(q2, q̃4) + B2(q2, q̃4)

The DSE–derived single flavor pressure (left picture, red line or right picture, black line)

PFG = TrLnS−1 = 2Nc

∫
Λ

d 4q
(2π)4Ln

(
~p2 + p̃2

4 + B2
)
,

and
PI = −1

2TrΣS = 3
4m2

G (µ− µ∗)2 − 3
8m2

G (B − m)2 .

Pf (µf ) = Pkin
FG ,f (µ∗

f ) − Bχ,f .
µf = µ∗

f + KvnFG ,f (µ∗)
PQ =

∑
Pf (µf ) + Bdc

µB = µu + 2µd

Phase diagram Neutron star mass–radius relation

Repulsive vector interaction essential for the presence of massive hybrid neutron stars is
realised by redefining the pressure as

Pf (µf ) = Pkin
FG ,f (µ∗

f ) + Kv
2 n2

FG ,f (µ∗
f ) − Bχ,f .

The impact on the single flavor EoS:

vBag equation of state

Single flavor chemical potential µf = µ∗
f + KvnFG ,f (µ∗)

Baryochemical potential µB = µu + 2µd

Charge chemical potential µC = µu − µd

Particle number density nf (T , µf ) = nFG ,f (T , µ∗
f )

Baryon density nB = ∑
f

1
3nf (T , µ∗

f )

Single flavor pressure Pf (T , µf ) = Pkin
FG ,f (T , µ∗

f ) + Kv
2 n2

FG ,f (µ∗
f ) − Bχ,f

Total pressure PQ = ∑
f Pf (T , µf ) + Bdc(T , µC)

Single flavor energy density εf (T , µf ) = εkin
FG ,f (T , µ∗

f ) + Kv
2 n2

FG ,f (µ∗
f ) + Bχ,f

Total energy density εQ = ∑
f εf (T , µ∗

f ) − Bdc(T , µC) + T ∂Bdc(T ,µC)
∂T + µC

∂Bdc(T ,µC)
∂µC

Single flavor entropy sf (T , µf ) = skin
FG ,f (T , µ∗

f )

Total entropy sQ = ∑
f sf (T , µf ) + ∂Bdc(T )

∂T


