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» What can we learn about the QCD phase structure at high u and
moderate T' from NS mergers?
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Motivation

hadronic models
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Motivation cRc’-rm
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[Most, Papenfort, Dexheimer, Hanauske, Schramm, Stocker, Rezzolla, PRL(2019)]

» So there might be some way to investigate this region from NS
mergers datal
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Key Points cRc’-rm

Questions
» Can color superconducting phases be reached in NS mergers?

» What is the impact of quark pairing (color superconductivity) on
properties relevant for NS mergers?

Theory constraints

» Equation of State should be stiff enough to support the 2M
observations

» It should allow for a phase transition from hardonic matter

» It should provide a neutral matter
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Outline cRc’-rm

Model

The phase diagram

Equation of State

Speed of sound

Mass radius relation (quark EoS)
Mass radius relation (hybrid EoS)
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This is a explanatory work!
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Model mcfﬁ

> NJL type model

8
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A A =257
— K [det(¢p(1 + y5)1) + dete((1 — v5)9)]

G: NJL coupling
H: Scalar diquark coupling
K: Uy(1) breaking 't Hooft (KMT) interaction

3-momentum cutoff A

vVvyyvyyvyy

5 parameters: A, G, K, ms,m, /4 can be fitted to QCD vacuum
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Switching to Mean Field cRc’-rm

» Mean field approximation: Introduce condensates

op =(bsy)  f=u,d,s
saa =V sTalay) A=2,5,T
and neglect perturbations around expectation value of 2nd order and
higher

P> Relation to quark masses and gap parameters:

My =my, — 4G ¢y + 2K dqdps
Mg =mgq—4Goq + 2K pyos
My =mgs — 4G ps + 2K g

= 't Hooft interaction mixes quark flavors
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Grand Canonical Potential cRc’-rm

» Finite T = Matsubara Formalism

Q{wi}, T) = T/ p Zl det( “"”’ﬁ)>

+2G(¢% + 95 + 02) — 4K Gudads + E(A% + A2 4 A2)

» Minimization of §2 provides self-consistent solution of Gaps and Quark
masses:

00 on
oM; — OA,

=0 Gap Equations

> With only one = not an entirely physical model
> With m, =my — As5=Ar

Hosein Gholami CSC in NS Mergers HFHF Retreat| 15/09/2022 10 / 19



Phase Diagram cRc’-rm

> A =600 MeV, G =26A% K =12.36, H = 0.95G, ms = 120 MeV, m,, /g = 5 MeV
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> Different related quantities are provided over a large grid of 1" and u

» Calculation with neutrality conditions is in progress
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Equation of State CRC-TR2n

» Equation of State at zero and non-zero temperature
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Speed of Sound at T'=0 CRc’-rm

> Speed of Sound at zero temperature can be obtained using the EoS
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Speed of Sound at 7" # 0 CRc’-rm

> At finite beta one can use this relation
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EoS and Mass-Radius relation cRc’-rm

> TOV equation will give you the mass-radius relation using the EoS
> Myaw ~ 1.45M
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EoS and Mass-Radius relation cRc’-rm

> TOV equation will give you the mass-radius relation using the EoS
» Mgz ~ 1.45M
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Hybrid EoS and Mass-Radius relation cRc‘-rm

» Maxwell construction of a hybrid EoS
» Mpae ~ 1.TM gy
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Hybrid EoS and Mass-Radius relation

» Maxwell construction of a hybrid EoS

> Mmax ~ 17Msun
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Outlook cRc’-rm

» Neutrality conditions to be considered

» Inclusion of vector interaction [kiahn et al, 2006] [Pagliara, Schaffner-Bielich, PRD 77, 2007] [G.
B. Alaverdyan, 2022]

» Calculation of other relevant properties
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Phase Diagram CRC-TR2n
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