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Introduction  Stellar structure

Stellar structure

o For many studies of compact star properties, it is sufficient to treat the matter that
constitues these objects as a prefect fluid

T" = diag[p, —p, —p, —pl, 1)
o To construct non-rotating stars we use a spherical symmetry
ds> = e?dt’ — e*dr® — r*df® — r’sin’0d¢’, (2)

to obtain the stellar structure equations known as Tolman-Oppenheimer-Volkoff?
(Tov)

dm o 2

? = 4rr €, (3)
@ __me p 4nrip _ 2ﬂ -t

dr r2 [1 + e] {1 T 1 r ' (#)

2. R. Oppenheimer et al. In: Physical Review 55.4 (Feb. 1939), pp. 374-381, Richard C. Tolman. In: Physical Review 554 (Feb. 1939), pp. 364-373.
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Mass-radius for different EOS with constrains of GW1708173 and two
massive pulsars* within of GR
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Figure: Mass vs radius. Hadronic EOS.

3The LIGO Scientific Collaboration and the Virgo Collaboration et al. In: Physical Review Letters 121.16 (Oct. 2018), p. 161101.
4 John Antoniadis et al. en. In: Science 340.6131 (Apr. 2013), p. 1233232, 4/11



Modified gravity Hydrostatic equilibrium equations in f(R, T) gravity

Hydrostatic equilibrium equations in f(R, T) gravity

o Proposed by Harko®, the theory assumes the gravitational part of the action depends
on a generic function of R and T. The total action reads

1
§=1e- d*xf(R, T)\ﬁ—g+/d4xcm\/—g. (5)
o The hydrostatic equilibrium equations for a spherical object assuming in the f(R, T) =
R+ 2AT are®
dm o 2 A 2
o = Amer+ 5B —p)r (6)
dp 4mpr + B — Y
o = ~ptp) - N T (7
( - T) [1+ 8m+2X ( - ‘Tp)]

5Tiberiu Harko et al. en. In: Physical Review D 84.2 (July 2011).
6p. H. R. S. Moraes et al. en. In: Journal of Cosmology and Astroparticle Physics 2016.06 (2016), p. 005, G. A. Carvalho et al. en. In: The European

Physical Journal C 77.12 (Dec. 2017).
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Neutron stars in f(R, T) gravity  Relativistic EsoS
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Figure: On the left side, the mass-radius relation for the ENG equation of state. On the right side,
the mass-radius relation for the MPAL equation of state. It was considered five values of X in the
mass-radius for each EoS, going from A = —0.06 to 0.0, for A = 0, the theory retrieves general
relativity. The blue and orange cloud region is the constraints for mass-radius from the GW170817
event, which was a merger of two neutron stars with an observation in the electromagnetic and
gravitational spectrum. The blue continuous line at 2.0 M®, the magenta dot-dashed line at
2.14 M©® and the yellow dot line at 2.27 M® represent the most massive pulsars observed up to
now. The pulsar with 2.14 M® has a 95.4% credibility level.
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(c) APR3 equation of state. (d) APR4 equation of state.
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Neutron stars in f(R, T) gravity  Relativistic mean-field EsoS

o We also study neutron stars in f(R,7) gravity through RFMs models’,

L = E(f’y”@u - M)d’ + gaaaiﬁ - gwE’Y’uwu"p - gj"@v“ﬁuﬁli + %(auaa,uo' - m?,UZ)
7?0'3 - %o"‘ — %F‘“’F,“, + %mawuw“ + %(gf,wuw“f - %é‘“"‘iw + %m%ﬁuﬁ“

+8r820wuwt (1 + 30850) + 8o g2 UM (02 + 30%850) + 30482 g2WuwH Fu .

7Bao-An Li et al. en. In: Physics Reports 464.4 (Aug. 2008), pp. 113-281, M. Dutra et al. In: Physical Review C 90.5 (Nov. 2014), p. 055203.
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Neutron stars in f(R, T) gravity  Relativistic mean-field EsoS

o We also study neutron stars in f(R,T) gravity through RFMs models’,

L =P(ivh 0 — M)y + gooht — gutbyhwuth — LYy FLTY + 3(0H 00,0 — mEo?)
—§o3 — %04 — %F””Fuu + %miw#w“ + %(giwuw”)Q — %é“”g}w + %m%[fuﬁ”

+gogiowpwt (a1 + %O‘llgao') + gagﬁaﬁuﬁ” (a2 + %aégga) + %aégﬁgﬁwuwﬁuﬁ“

o We choose BKA20, BSR8, IU-FSU, and Z271s4 as representative parametriza-
tions of the “families” BKA, BSR, FSU, and Z271.
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Figure: On the left side, the mass-radius relation for the IU-FSU equation of state.
On the right side, the mass-radius relation for the Z271s4 equation of state.

7Bao-An Li et al. en. In: Physics Reports 464.4 (Aug. 2008), pp. 113-281, M. Dutra et al. In: Physical Review C 90.5 (Nov. 2014), p. 055203.
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Effect of the crust
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(c) BKA20 equation of state without crust. (d) BSR8 equation of state without crust. 9/11



Summary

Summary

@ The hydrostatic equilibrium equations are solved considering realistic equations
of state (EsoS).
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Summary

Summary

@ The hydrostatic equilibrium equations are solved considering realistic equations of
state (EsoS).

@ The NS masses and radii obtained are subject to a joint constrain from massive
pulsars and the event GW170817.
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Summary

Summary

@ The hydrostatic equilibrium equations are solved considering realistic equations of
state (EsoS).

@ The NS masses and radii obtained are subject to a joint constrain from massive pulsars
and the event GW170817.

@ The pressure in theory of gravity depends on the inverse of the sound velocity
vs. Since, vs is low in the crust, |A| need to be very small. We found that
the increment in the star mass is less than 1%, much smaller than previous ones
obtained not considering the realistic stellar structure, and the star radius cannot
become larger, its changes compared to GR is less than 3.6% in all cases.
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The hydrostatic equilibrium equations are solved considering realistic equations of
state (EsoS).

The NS masses and radii obtained are subject to a joint constrain from massive pulsars
and the event GW170817.

The pressure in theory of gravity depends on the inverse of the sound velocity vs. Since,
vs is low in the crust, |A| need to be very small. We found that the increment in the
star mass is less than 1%, much smaller than previous ones obtained not considering
the realistic stellar structure, and the star radius cannot become larger, its changes
compared to GR is less than 3.6% in all cases.

The finding that using several relativistic and non-relativistic models the variation
on the NS mass and radius are almost the same for all the EsoS, manifests that
our results are insensitive to the high density part of the EsoS.

10/11



Summary

Summary

o

@

The hydrostatic equilibrium equations are solved considering realistic equations of
state (EsoS).
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and the event GW170817.

The pressure in theory of gravity depends on the inverse of the sound velocity vs. Since,
vs is low in the crust, |A| need to be very small. We found that the increment in the
star mass is less than 1%, much smaller than previous ones obtained not considering
the realistic stellar structure, and the star radius cannot become larger, its changes
compared to GR is less than 3.6% in all cases.

The finding that using several relativistic and non-relativistic models the variation on
the NS mass and radius are almost the same for all the EsoS, manifests that our
results are insensitive to the high density part of the EsoS.

Stellar mass and radii changes depend only on crust, where the EoS is essentially
the same for all the models. The NS crust effect implying very small values of
|\| does not depend on the theory’s function chosen, since for any other one the
hydrostatic equilibrium equation in f(R, T) would always have the dependence
1/vs.
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The hydrostatic equilibrium equations are solved considering realistic equations of
state (EsoS).

The NS masses and radii obtained are subject to a joint constrain from massive pulsars
and the event GW170817.

The pressure in theory of gravity depends on the inverse of the sound velocity vs. Since,
vs is low in the crust, |A| need to be very small. We found that the increment in the
star mass is less than 1%, much smaller than previous ones obtained not considering
the realistic stellar structure, and the star radius cannot become larger, its changes
compared to GR is less than 3.6% in all cases.

The finding that using several relativistic and non-relativistic models the variation on
the NS mass and radius are almost the same for all the EsoS, manifests that our
results are insensitive to the high density part of the EsoS.

Stellar mass and radii changes depend only on crust, where the EoS is essentially the
same for all the models. The NS crust effect implying very small values of || does
not depend on the theory’s function chosen, since for any other one the hydrostatic
equilibrium equation in f(R, T) would always have the dependence 1/v.

Finally, we highlight that our results indicate that conclusions obtained from NS
studies done in modified theories of gravity without using realistic EsoS that
describe correctly the NS interior can be unreliable.
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