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In Scalar-Tensor Theories (STT) with 8y > 0, highly compact
neutron stars (NS) obeying realistic equations of state (EoS)
possess linearly unstable scalar modes.

Our goal

To investigate the final fate of such
unstable equilibrium stars

Do they evolve to a stable, scalarized state? Do they collapse?

Our strategies
* Energy balance analysis
* Full non-linear numerical simulations
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p(p) = Kpo(p/po)”
v =3, K =0.005,
po = 1.66 x 10'%g/c
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Our approach: 3 + 1 Formalism, spherical symmetry (reduction to 1+1D problem)

Radial gauge / Polar slicing ds* = —N(t,r)?dt* + A(t,r)*dr? + r*(d¥? + sin® 9dy?)

Numerical methods: Finite volume + High Resolution Shock-Capturing scheme

. . L . 1
Requires fluid equations in flux-conservative form: g (Aq) + = 82 (NAr*F(q)) = S(q)

(Model 1 (M1): a(¢) = tanh[V353(6 — ¢0)]/V3

Coupling function: < [mimics Nonminimally coupled (NMC) field]
[

 Model 2 (M2): @ ¢) = B(¢ — o)

Damour-Esposito-Farese (DEF)]




Relevant previous results

(Dynamic transition to scalarized states in the 8 < 0 case)

Nonminimally coupled fields (like M1): M. Alcubierre et al., 2010, M. Ruiz, 2012.
Damour-Esposito-Farese case (M2), J. Novak, 1998

3.0¢
— 2.5;- VAR U
2.0} e
§5 : - :
2 15_ //;/’/ Model 2 _
1_0;—/,// ————— Model 1 -
4 6 8 10 12
ﬁc/pO
Solution | pe/po | My|Mo] | M[Mo] | M/Rs | |pc—¢o| | |w|[Mo]
1* 10.0 2.3594 1.9650 | 0.287 0 0
2 (M1) 9.2061 | 2.3594 1.9641 | 0.273 0.095 0.30
3 (M2) 8.0747 | 2.3594 1.9459 | 0.209 0.284 1.23
Table 1: Some equilibrium solutions with § = —6. The solution marked

with a star is used as initial data for our numerical simulation.
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Table 1: Some equilibriuyglutions with 8 = —6. The solution marked

with a star is used as initigl data for our numerical simulation. The transition is consistent with
Solutions 2 and 3 are energetically favored! solutions 2 and 3 in the Table 1

Remark: The transition is generic regardless of the details of coupling function



New results

Model 1
Exploring the 8 > 0 case (NMC field)
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Solution | pe/po | Mp[Mo] | M[Mp] | M/Rs | [¢c — ¢o|
1* 11.20 2.4304 | 2.01058 | 0.302 0
2 11.4251 2.4304 | 2.01053 | 0.304 | 0.023159
3 12.2279 | 2.4304 | 2.01056 | 0.311 | 0.039036
4 14.3890 | 2.4304 | 2.01132 | 0.325 | 0.027827

Table 2: Some equilibrium solutions in M1 with g = 100.
Solutions marked with stars are used as initial data for
numerical simulations.
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Model 1

Dynamic transition to scalarized state!
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Solution 2 is energetically favored!

Spontaneous scalarization can happen in theories with 5 > 0
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Exploring the 8 > 0 case

New results

Model 1

(NMC field)

Gravitational collapse!
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Exploring the 8 > 0 case

New results

Model 1

(NMC field)

Gravitational collapse!

Slice stretching Lapse function collapses

ot ] 00— ]

10 15 20 25 3
Solution | pc/po | Mp|Mg] | M[Mg] | M/Rs | |¢c — Po| | 1T ] [T
1* 11.20 2.4304 2.01058 | 0.302 0
2 11.4251 2.4304 2.01053 | 0.304 | 0.023159
3 12.2279 2.4304 2.01056 | 0.311 | 0.039036
4 14.3890 2.4304 2.01132 | 0.325 | 0.027827
5* 12.0 2.4529 2.02401 4 0.309 0
6 13.4600 2.4529 \2(1%169/) 0.320 | 0.017240

5 10 15 20 25 30

Table 2: Some equilibrium solutions in MN\with 8 = 100.
Solutions marked with stars are used as initial data for
numerical simulations.

r (km)

Unbounded growths in r = 0

Solution 6 is energetically disfavored vs. solution 5: likely unphysical



New results Model 2

Exploring the 8 > 0 case (DEF)
(In agreement with C. Palenzuela and S. Liebling, 2016)

ﬁc/pO




New results

Exploring the 8 > 0 case
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(In agreement with C. Palenzuela and S. Liebling, 2016)
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| | | | j
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ﬁc/pO
SO]UtiOIl ﬁc/,OO Mb [M@] M[M@] M/RS |§bc — ¢0|
1* 11.20 2.4304 2.01058 | 0.302 0
2 10.9493 | 2.4304 | 2.01087 | 0.312 0.055
3 14.4841 2.4304 2.01142 | 0.327 0.023
4* 11.20 2.43611 | 2.01435 | 0.313 0.050
5* 11.20 2.39877 | 1.99273 | 0.325 0.081
6* 11.20 2.32321 | 1.94928 | 0.332 0.104

Table 3: Some equilibrium solutions in M2 with 8 = 100.
Solutions marked with stars are used as initial data for
numerical simulations.



New results Model 2

Exploring the 8 > 0 case (DEF)
(In agreement with C. Palenzuela and S. Liebling, 2016)

[p > 6/3]star center

My(M )
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ﬁc/pO
Solution | pc/po | My[Mg] | M[Mg] | M/Rs | |¢c — ¢
T 11.20 | 2.4304 | 2.01058 | 0.302 0
2 10.9493 | 2.4304 2.01087“\) 0.312 0.055
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Table 3: Some equilibrium solutions in M2 with A= 100.
Solutions marked with stars are used as initial data\for
numerical simulations.

Solutions 2 and 3 are energetically disfavored vs. solution 1: likely unphysical



New results Model 2
Exploring the 8 > 0 case

(DEF)
(In agreement with C. Palenzuela and S. Liebling, 2016)

[p > 6/3]star center

— Gravitational collapse!
< 24 ! . .
= : ,;' Slice stretching
= 22/ i
>§2.0:— :’ :" —— initial data 1
1 ‘U : N initial data 4
e S E——— ol o e dates
8 10 12 14 i E——_ }
ﬁc/po 16_ ...................... |
Solution | pc/po | My[Mg] | M[Mg] | M/Rs | |¢c — ¢ 0.30F -
1* 11.20 | 2.4304 | 2.01058 | 0.302 0 O fanct: "
2 10.9493 | 2.4304 (201087 0.312 | 0055 | .~ ° Lapsefunction collapse
3 14.4841 | 2.4304 N2.01142 ) 0.327 | 0.023 TP
4* 11.20 | 2.43611 | 2.01435 K 0.313 | 0.050 | =015 & %
5* 11.20 | 2.39877 | 1.99273 | W.325 0.081 0.10} e
6* 11.20 | 2.32321 | 1.94928 | 0832 | 0.104 0.05] T el
000k . S NO N
0.0 0.2 04 0.6 0.8 1.0

Table 3: Some equilibrium solutions in M2 with A= 100.
Solutions marked with stars are used as initial data\for

numerical simulations.

Solutions 2 and 3 are energetically disfavored vs. solution 1: likely unphysical
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from gravitational collapse to Would be possible when NS
spontaneous scalarization with M/R > 0.27 are confirmed
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Bounds on 3y should be attributed to particular
models. Thus, observations can potentially be
used to probe the structure of the coupling function

Fell free to manipulate our plots is https://bitbucket.org/nestor ortiz/highly—compact—-neutron-stars—in-stts.git



