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Extended Walecka-model (c — w model)

e Scalar meson U;(c) = 30° + y40*
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Extended Walecka-model (c — w model)

* Scalar meson U;(c) = 30° + q40*
e Electron kinetic and mass
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Extended Walecka-model (c — w model)

* Scalar meson U;(c) = 30° + q40*
® Electron kinetic and mass
¢ Kinetic terms: ¥ = (‘I’,,,‘Fn))
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Extended Walecka-model (c — w model)

* Scalar meson U;(0) = y30° + q40*
® Electron kinetic and mass
e Kinetic terms: ¥ = (‘I’p,‘I’n))
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L= F(id —my+ o0 — gt + gop° )Y + Fe(id —me) ¥, + 50(82 +m2)o — U;(o)
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e Vector mesons
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Mean-Field Approximation

Mean-field approximation at zero temperature and finite chemical potential

Tree-level: w = wp and pj = p
B-equilibrium: p, = pp + pe
® Baryon number and electric charge conservation

Free-energy:
fr = fr(mn — 800, tp — S + 8pP) + fr(MN — 800, fin — W — §pP)
1
+ fr(me, pe) + Smee + Ui(o) — Smiw? = Smpp?

® Fermionic pressure:

fr(T,m, ) 2T/ 5 In [14—6 P(Ex— ?‘)}
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Data Fit

The free parameters of the model are determined by using nuclear saturation data [Gle97].

The values used to fit the model
(1) Binding energy: B = —16.3 MeV
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Data Fit

The free parameters of the model are determined by using nuclear saturation data [Gle97].
The values used to fit the model

(1) Binding energy: B = —16.3 MeV

(2) Saturation density: 7y = 0.153fm >
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Data Fit

The free parameters of the model are determined by using nuclear saturation data [Gle97].

The values used to fit the model

(1) Binding energy: B = —16.3 MeV

(2) Saturation density: 19 = 0.153 fm >

(3) Nucleon Landau mass m; = 0.8854my
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Data Fit

The free parameters of the model are determined by using nuclear saturation data [Gle97].

The values used to fit the model

(1) Binding energy: B = —16.3 MeV

(2) Saturation density: 19 = 0.153 fm >
(3) Nucleon Landau mass m = 0.8854my
(4) Compressibility: K = 240 MeV
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Data Fit

The free parameters of the model are determined by using nuclear saturation data [Gle97].

The values used to fit the model

(1) Binding energy: B = —16.3 MeV

(2) Saturation density: 19 = 0.153 fm >
(3) Nucleon Landau mass m = 0.8854my
(4) Compressibility: K = 240 MeV
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Data Fit

The free parameters of the model are determined by using nuclear saturation data [Gle97].

The values used to fit the model

(1) Binding energy: B = —16.3 MeV

(2) Saturation density: 19 = 0.153 fm >
(3) Nucleon Landau mass m = 0.8854my
(4) Compressibility: K = 240 MeV

(5) Asymmetry energy: as,,;, = 32.5 MeV
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Mass-Radius Diagrams

Static, spherically symmetric space-time

Tolman-Oppenheimer-Volkoff equations (TOV)

AR -0 | e

dr 72
dm(r) 2
—2 =45
P roe(r)
® We used core-crust model for the calculation

Low density region: well known BPS nuclear EoS

The calculated R in this case corresponds to the radius of the neutron star core
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Maximal Mass Stars
® Determine the mass and radius of the maximal mass stars (MMS)

10
® Most relevant parameter: the Landau mass my. (émp >X 0K)
® |inear dependence M xnm, Rytaxnr ON the myp
¢ Landau mass was optimized with fixed K, asy,.

Myaxm[Mo] = 5.418 — 0.0043 m [MeV] ,
Rupaxm[km] = 19.04 — 0.0104 m; [MeV] .

After fixing the m by the MMS observations we can also obtain linear, one-parameter
dependence on the parameter K.

Maxvi[Mo] = 1.940 + 0.000880 K [MeV]
Ryaxm[km] = 9.248 + 0.00718 K [MeV] .
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Observation Data

Ref. Pulsar MygxmMe] — mi[MeV] KIMeV]  Rygxemlkm]
[J0740] PSR J0740+6620 217700 * 74839785 351.875%  11.2570¢
[J0348] PSR J0348+0432 2.01700;* 78525709 206.475;7  10.8710%)
[J1614] PSR J1614-2230 1.97700:*  794.477300 1700705  10.7710%
[NICER] PSR J0740+6620 2.077007* 778147127 278.278%%  11.017575
[NICER] PSR J0740+6620 2.641) 639.421150  277.3M7 12397050 *
[XMNS] PSR J0740+6620 2.08700 *  769.127:%0 2851725  11.06757]

Table 1: The Landau mass, m; and compressiblity, K values calculated via eq. (??)- from measured
pulsar mass data, assuming that these are maximal-mass neutron stars. Maximal radius of the
maximal-mass neutron star is also calculated form eq. (??). [Ant+13; al20; Dem10]
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K dependence of the mass of MMS
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K dependence of the radius of MMS

Rmaxm [km]
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Landau mass values:

Remark I.

The range of 550 MeV < m < 800 MeV is compatible with effective nucleon mass given by
the various equation of state at saturation [KI&+086].

Remark II.

* Extended Walecka Model: m;, = 776.01 355 MeV
® Bayesian Analysis I. [Alv+20a]: (PSR J0030+0451 + PSR 0740+6620 + GW170817)
* my = 750112 MeV
® Bayesian Analysis Il. [Alv+20b]: (PSR J0740+6620 + PSR J0348+0432 + GW170817 +
PSR J0030+0451)
® my = 750712 MeV
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Summary

Input:
e Extended Walecka Model
® Mean-Field Approximation
Method:
® Tollman-Oppenheimer-Volkoff equation
® Using the linear relations between the microscopic and macroscopic parameters
® Observation data
Results:
* Landau mass: m; = 776.6 535 MeV

 Compressibility: K = 287.3%%3 , MeV
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