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Abstract

Neutron stars are some of the most fascinating objects in the universe. Due to
their compactness and high density, they represent an ideal laboratory to test

*s* Extending earlier investigations of scalarization for neutron star models with
realistic EOSs by considering also the classes of hyperon and hybrid stars.
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stars in scalar-tensor theories of gravity, implementing various realistic Equations Of
State (EOSs). Beside a polytropic EOS and some EOSs for pure nuclear matter and
pure quark matter, we include several EOSs describing nuclear matter with hyperons
and hybrid matter for the first time in this context.

We investigate the onset of scalarization for these different EOSs, presenting a
universal (independent of the EOS) relation for the critical coupling parameter
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+"The most striking universal feature found relates the gravitational potential at
the center of the star, as embodied in g,,(0), to the properties of the scalar field.
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- N » Two EOS containing just nuclear matter: SLy and APR4.
Alp) = FTE(®), 2V(g) = U(®)F (@)

» Five EOS containing nucleons+hyperons: BHZBM, GNH3,
H4 and W(CS1-2.
Action in the Einstein frame » Two EOS for pure quark matter: WSPHS1 and 2.
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** Considering the effect of scalarization with an alternative coupling function A,
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baryonic mass density. In particular, we have chosen for the

The field equations in the Einstein frame polytropic constant K = 1186.0, and for the adiabatic index
r=1+ % the polytropic index N = 0.7463.

with the of the the gravitational potential at the center of the star. We also analyze
the moment-of-inertia--compactness relations and confirm universality for the
nuclear matter, hyperon and hybrid equations of state.

coupling function, leading to less scalarization for this new coupling function.
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Numerical Method References:
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Using a-differential equation:solver: paclage; COLSYS; the E0S are ' >K. V. Staykov, D. D. Doneva, and S. S. Yazadjiev, Phys. Rev. D 93, 084010 (2016), 1602.00504

implemented using different methods.

» The case of the relativistic polytrope is the simplest one since : e ».S.S. Yazadjiev, D. D. Doneva, K. D. Kokkotas, and K. V. StBYkOV, JCAP 1406, 003 (2014)
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18,2 . » For SLy, APR4, GNH3, H4 and ALF2-4 EOS: The piecewise 1 - 5 = Y — >
Ai(p) = 2™, ki(p) = By polytropic interpolation is implemented in the code. .

Aa9) = /T kel@) = —V=Ftanh(vV=Fy)

Total mass versus physical radius | —— N - g Moment of inertia versus total mass
A :l;_‘ - s 4S BHZEM GNH3 quﬁl i
é‘ 2 ,f-—-r:::g\ __‘_{ ﬂ____:,_:\\ A, A neutron star (Art by NASA/Dana Berry) é 3 Ay —
= - - -
H4 GNH3 \ | o 7 s /’/7
T L. ' ’ aadd| wn Sy N wss) wspSI L i ’/7 ; =i
p=ts "'\':t*é‘: MoALE — Eaa Universal ILC relations 45 - WCS1 1 wes2 1 polytrape

-0.03

110% gem™

\

T sy o WAFIST = a L p - L /'/ | ‘I
e * APRY [FT WSPHS: = Al - 15[ I ¥ /-’
e T WAL = ALFr = A% - AL e — - : ; ;
= = W(R) o ATFL el © Ag byl - - et F
- BIZBM =  WSPHSI - GRIi 2 i
¢oal L N R P 2
k: ,{,E 4.5 WSPLHS| WSPLIS2 - WSPLIS3
WSPHS | = z
o o 2
= 3t -~ + + //ﬁ
= e e
- o e : i
- - =T APRA R 4
i 15 SLy - 2 -
WSPHS3 i ; i
-0.02 ] WSPHS 0.3 ,.\_:eﬂ'i’z” HILABM Wl — Hd - -
A=eP? 2 APRS — H WSPHS2 WOEL AT — T ALEL
e Pt WOE — o 0.13 0.2 0.3 0.45

g, (0l

Scalar field charge wyand scalar field at the : . . .
center @, versus the metric function g,(0) . : 2.0
at the center of the neutron star models M (M, )} MiM,)
for all EOSs considered: The 5 hyperon
EOSs (H4, BHZBM, GNH3, WCS1, WCS2),

the polytropic EQS, the 2 nuclear EOSs (SLy, . L
Moment of inertia | versus the compactness C= M/R. in the slow rotation APR4), the 2 quark EOSs (WSPHSI, considered: The first two rows show the 5 hyperon EOSs (H4,

Scalar field charge w, versus the the
compactness C=M/R; (in units of c=G.=1) of
the neutron star models for all EOSs

Total mass M (in solar masses M) versus the physical radius R, (in %ns;dered—'th—hyperen—EOSs—@:Mf
BHZBM, GNH3, WCS1, WCS2), the polytropic

Moment of inertia / (in 10> g cm?) versus the total mass M (in
solar masses M,) of the neutron star models for all EOSs

km) of the neutron star models for all EOSs considered: The first

EQS, the 2 | EOSs (SLy, APR4), the 2 . . . N i
two rows show the 5 hyperon EOSs (H4, BHZBM, R ICST, quark EeOSS n(lx:;:m JVéPI—TSZ) an; ths 4 approximation for two different normalizations, I/MR.? (a) and I/M? (b), for all 14 WSPHS2) and the 4 hybrid EOSs (WSPHS3, e Gt”\l.H3t'hWC251’ \AIICSZ)E%nSd thsi po:g;zp'iﬁosz' gl 'T(StEg‘go
WCS2) and the polytropic EOS, the last two rows contain the 2 B —— WSPHS,3 ALE> ALFA B EOSs, for both coupling functions A, with both values of B, as well as for GR. The ALF2, ALF4, BS4). The critical values B, are rows contain the 2 nuclear s (‘ Y, ), the 2 quar s
nuclear EOSs (SLy, APR4), the 2 quark EOSs (WSPHS1, WSPHS2) and ybri s ’ ’ ’ ) (WSPHS1, WSPHS2) and the 4 hybrid EOSs (WSPHS3, ALF2, ALF4,

Note that the scalar charge can be positive upper panels show the scaled values of / (symbols) together with the fitted curves also indicated. Note that the scalar charge

: ) i ] ) " BS4). The solid black lines represent the GR configurations. The
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