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Modeling neutron stars

» matter inside the star: MBF formalism —
equation of state (EoS);

» stellar structure: Einstein equations —
hydrostatic equilibrium (TOV/LORENE).
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Many-body forces
formalism
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MBF formalism
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MBF formalism

T 4 ax L * L 1 * *
L= Zwb |:’7M (Ia'u T gwaw/ b g@br;(bly o 2ggb7]7-‘g“) o mb(:| ¢b
b

1 1
+ (28H08“0 — m§02> 4 (28#0*3“0* = mi*a*Z)
1 1 ) 5 “ 1 1 % i
aF é —éwuyw aF mww#w aF é _éasl“/gb G m¢¢ﬂ¢

2 2
+> Py (i0* — my)apy.
!

]
L (1gw.gw i mf)gu.g“> + (zaua.aﬂa — m§52>

R.O. Gomes, V. Dexheimer, S. Schramm, C.A.Z. Vasconcellos,
The Astrophysical Journal 808 (2015) 1 5 ‘ urbes



MBF formalism

-
g GobT+Jo*b0*+3gsp0-T
Coupling: g;, = m}, 9 = (1 - T Jib




MBF formalism

-
oy i 9ob0+0o*50 " +395b0.T
Coupling: g, = m}, g = (1 4 N ) 9ib

» Effective mass: mp = Mp — M;p(9ob0 + Gorb0™ + 39560.7)



MBF formalism

—A
TR o T Gob0+9o* 0" +50s60.T
Coupling: g, = m}, g = (1 4 /\bmb 295 ) g

[=o0,w, 0 06 0% ¢ (mesons) A =(, &, n, ¢, ¢, x (parameters)

» Effective mass: my; = My — Mp(gob0 + Go-b0™ + 3Js60.7)

» Many-body forces contribution:

o Gob0 + Gp*p0™ + 595p0 - T A+1) (Gobo + Goxpo™ + 30sp0 - T <
Ny S 3

my 21X my

(AP 4383+2) (b0 +0oxpo" + 39560 - T 3+
31a2 mp,




MBF formalism

—A
TR o T Gob0+9o* 0" +50s60.T
Coupling: g, = m}, g = (1 4 /\bmb 295 ) g

[=o0,w, 0 06 0% ¢ (mesons) A =(, &, n, ¢, ¢, x (parameters)

» Effective mass: my; = My — Mp(gob0 + Go-b0™ + 3Js60.7)

» Many-body forces contribution:

o Gob0 + Gp*p0™ + 595p0 - T A+1) (Gobo + Goxpo™ + 30sp0 - T <
Ny S 3

my 21X my

(AP 4383+2) (b0 +0oxpo" + 39560 - T 3+
31a2 mp,

» Scalar version:

O mgb 9obs  G5p = MipGob,  Goep = Mp Govb
*
gwb = Guwb; ggb e gyba g;b G gq‘)b'




MBF formalism
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MBF formalism
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MBF formalism
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MBF formalism
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Particle Population

Chemical Potential

Interacting particles:
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Conservation laws
Electrical charge:
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Baryon number:
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Hyperon-nucleon interaction
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C. Dover and A. Gal, Prog. Part. Nucl. Phys. 12, 171 (1985); J.
Schaffner et al, Annals Phys. 235, 35 (1994).



Results: nuclear saturation
and hyperon stars
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Results: saturation

¢ mf;/mn Ko (MeV) (gaN/mU)2 (ng/mw)2
0.040 0.66 297 14.51 8.74
0.049 0.68 272 13.99 8.14
0.059 0.70 253 13.44 7.55
0.071 0.72 237 12.82 6.94
0.085 0.74 225 12.21 6.37
0.104 0.76 216 11.53 5.75
0.129 0.78 211 10.84 5.16

R.O. Gomés, V. Dexheimer, S. Schrémm, C.AZ Vasconcellds,
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Results: saturation
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Results: hyperon stars
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Results: population
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Magnetic case: effects on the
EoS and the structure
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MBF formalism with magnetic fields
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Landau Quantization

Energy levels for interacting particles
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A. Broderick, M. Prakash, J.M. Lattimer, ApJ, 537, 351. (2000);
A. Broderick, M. Prakash, J.M. Lattimer, Physics Letters B, V. 531, Issues 3-4, 11, 167 (2002)

Maximum Landau level (kf— > 0):
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Equation of state

Energy-momentum tensor:
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LORENE in a nutshell:
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Results: magnetic stars

effects of B on the EoS:
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Results: magnetic stars

Comparison TOV and LORENE:
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Results: magnetic stars

Global effects:
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Results: magnetic stars

Global effects:
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Results: magnetic stars
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Results: maximum mass star
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> We have developed a formalism that simulates many-body forces by the
introduction of nonlinear terms in the coupling of scalar mesons (MBF
formalism);
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> We have developed a formalism that simulates many-body forces by the
introduction of nonlinear terms in the coupling of scalar mesons (MBF
formalism);

» We have parameterized the coupling of the model by the fitting of nuclear
properties at saturation, my,/my, Ko, asym and Lo, from which we obtain the
range of 0.040 < ¢ < 0.129;

> Applying the EoS to compact stars, we describe massive hyperon stars. In
particular, the astrophysical data narrows the values of the parameter of the
model to a range of 0.040 < ¢ < 0.059, being 2.15 M the maximum achieved
by the model to describe stars with hyperon content;




» We studied the magnetic case by including magnetic field effects on the
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stars;

The error of including the magnetic effects only on the EoS (by solving TOV
equations) is estimated in comparison to the LORENE solution, from which we
conclude an overtimation of 13% in the maximum mass and an overestimation of
~ 25% in the radius;
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We studied the magnetic case by including magnetic field effects on the
strutucture (LORENE) and the EoS of the MBF formalism;

We conclude that the inclusion of magnetic effects on the EoS of the MBF
formalism does not present significant changes on the global properties of the
stars;

The error of including the magnetic effects only on the EoS (by solving TOV
equations) is estimated in comparison to the LORENE solution, from which we
conclude an overtimation of 13% in the maximum mass and an overestimation of
~ 25% in the radius;

The Lorentz force acts against gravity, increasing the radius and mass of the
stars and, in particular, we verify these effects on the global and internal
properties of neutrons stars for the MBF formalism;

The Landau quantization, together with the reduction of the central density due
to magnetic fields, make the hyperon population vanish inside strongly
magnetized stars.
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» Extend the many-body contributions
to the vector mesons (vector
versions of the model);

> Verify the effects of temperature and
thermal evolution of the hyper stars
described by different
parameterizations of the model.

> Investigate magnetic field effects on
other populations (kaon
condensates, A ressonances, etc..);

what will it
happen to me?,
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