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Relativistic density functional approach
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Modelling compact stars
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Relativistic density functional

L=q(i§ —m)g+Ly+Lp—-U

@ Vector and diquark interaction

Lv=—-6v(91.9 Lo=Gp Y (G1smAaq) (@ i1sm2Aaq)
A=25.7

o y-symmetric density functional

(@a)* + (@iTysq)® is x — invariant = U =U [(4q)> + (qiT159)*]

Wik

U= Gy [(1+a)(gq9)* - (g9)* — (aiT159)*]

Gy — coupling constant

« > 0 — controls quark effective mass in the vacuum
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Expansion of RDF around (gq) and (GiTy5q)=0

U=U+ (99— (99)) Tmr — Gs (dq —

e Expansion coeffisients

1%t order: Lyr = 570y -

2nd

order: Gs =

1_0°U

" order: U =Ugq), @irvsa)

ou

el

(q9q

w

(Gq))* — Gps (GiTY5q)° + - .-

mean field self-energy of quark

- effective coupling in scalar channel
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Comparison to NJL model

L =g(id — (m+ Emr))g + Gs(3q)? + Gps (GiTysq)” + ...
—_——
effective mass m*
o Similarities:
@ current-current interaction

@ scalar, pseudoscalar, vector, diquark, ... channels

o Diferences:
© high m* at low T and/or i - phenomenological confinement

(gq) =(4Gq)o = m" " =m— %Goﬁq)é/3a_2/3 — diverges at & — 0

© medium dependent couplings

low T and/or 4 = Gs # Gps = broken xy—symmetry
high T and/or p = Gs = Gps = restored x—symmetry
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Bosonization of (pseudo)scalar interaction

@ Hubbard-Stratonovich transformation

exp [ / dx G¢(qfq)2] = / [D] exp {_ / dx (;é +q¢fq>]

X

e Bosonized Lagrangian (m* = m 4+ Xyf - effective quark mass)

L = Glidd—m*)g+ Ly + Lo — U+ (Gq)Zmr
o2 2 _ . -
T 4Gs 4G Ao+ inTys)q+o(qq)

o Field equations for o and 7

o =26Gs((qq) —qq) B B
i qiT GiT = =(7) =0 = 0,7 — beyond MF
{ T = 2Gps((GiTysq) — GiT5q) (o) = (7) o, y

comment: (o) = 0 does not assume y-symmetry since (gq) # 0

Oleksii lvanystkyi RDF approach to quark matter in CS



Thermodynamic potential

o Fully bosonized Lagrangian

— wwh ApAY o2 2
L= Q5Q+ -4 ——— - —— - U+(qqx
Pnc@+ 36, " a6, 4G5  aGrs L {9)EmE
MF part Lur
meson part Lmes
Q= % < ZC > - Nambu-Gorkov quark bispinor
-1 _ i+ Y—m"—o—iTiys iAaYsT2AA i Nambu — Gorkov
NG = IAAYsT2AA i+¢—m* —o— TRy quark propagator

o Statistical partition (quark fields are integrated out)

Z = / [Dw, J[DAA|[DAL][Do][DF] exp { / dx (Limes + LutF) + % In det(3Sy2)

1
Q——Wlnz
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Zero chemical potential

@ Quark propagator

o Sur+ T 0
=0 = w,=0,A4=0 = 51—< MF T Smes )
a " A NG 0 Sk 4 % mes

:9,\7,} = i — m* + o - MF propagator of quarks
Y mes = —0 — iTT7ys - beyond MF quark self-energy due to meson correlations

o Gaussian aproximation

trin(BSy) + trIn(1 + SprE mes)

% In det(B5y2)

R

A R 1 .
tr(BSM/{‘) + tr(SMFzmes) + Etr(SMFzmes)2
o Polarization operators of bosons

M, = 7'([‘(3/\///:)2, Mn, = 7tr(§MFI"‘y5)2
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Zero chemical potential

1 1 3 1
Q= Qur +—tr( — — + tr -n
S~~~ 2ﬂ 4 2G5 7 26 Vv 2GP5 ) <
mean field
o —mesons T—mesons
@ Meson propagators and masses
1 1
D' = -n e -n
2G5 7 i 2Gps "
D'=0= dlsper5|on relation E;(k) with mass M; = E;(0) for i = o, 7
1 T T 1 1750 T
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Finite chemical potential (mean field level)

A
Q = 42U (qq5.

1 unpaired color state

+ - —
% 4 Tln (1 + e—ﬁﬁf*) + Tln (1+ e B8 )

dk
(2r)?

_sz:/

+Ef + B +2TIn (14 e 75 ) 42T (1+ e—ﬂfr)]

2 paired color states

e Single quark energies

* * 2 *
E?[:\/mﬂwn EF =& +8% pp=pr—w

@ Vector field, diquark gap, x-condensate

o0 Blo) _ oQ
w0 a0 @) => -—
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Superconductivity onset (T

o Diquark gap equation
o0 dk 1 1
— = A= 1=4¢ —— | =+ =
A 0 = 0 or DZ/Q?TP[E,?—'_E;]
f
@ Superconductivity onsets when two solutions coincide

9%Q 1 dk 1 1
082 |azo~ 2Gp zf:/ 2n)? {E; * E;L_O 0 = pus=ps(Gp)
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Effective mass and diquark gap
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Hybrid EoS

350 . . :
. 300 - — DD2 /]
o Charge neutrality: electrons —  (wnp) = (03,1.5)
— (0.2, 1.5)
- — (0.1, 1.5)
o (B3-equilibrium: (0.0, 1.5)
a
fd = fhu 7+ fle g2or
z
e Hadron EoS: DD2 2150
S. Typel et al., PRC 81, 015803 (2010) 2
100
@ Maxwell construction:
50
C _ c
Pq(kB) = pr(kB)
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Compact stars with quark core
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Conclusions

@ y-symmetric formulation of the String-Flip Model, derivation of the effective
"confining” NJL model

@ Medium dependent quark-meson couplings, derived consistently with model
and symmetries

@ Straightforward addition of vector and diquark channels
@ Good agreement with the observational data even at weak repulsion

@ Next steps:
@ strangeness
@ other mesonic states and baryons beyond mean-field

@ unified quark-hadron EoS (hadron dissociation via Mott effect, hadronic
correlations via Beth-Uhlenbeck approach)
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