Tubingen University

Simulating ¢

neutron st
ESSVEES
theo_rles

José Carlos Olvera M.
In collaboration with D. Deneva, P.
Cerda-Duran, J.A. Font and S.
Yazadjiev



Jordan and Einstein frame

Jordan frame (Physical frame):

S3ordan :/d X\/_ _F(¢)R Z(¢) ”VV#¢VV¢ 2U(¢)

+ Smatter (Tmatter, g;lv)

Einstein frame (Mathematically convenient frame):

SEinstein :/ d4x\/_[ R - _gﬂva ¢0, ¢ — V(¢)]

+ Smatter(“Pmatter,A (¢)g,uv)

Both frames are related by treating F(¢$) as a conformal
factor and defining A(¢) = F'/2(¢), such that:

8uv = A72(¢)g,uv» Tuy = A2(¢)Tyv
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How are both frames related?

Jordan frame
881G
V#Tﬂv = 0 GHV = F

w(P 1 1
T/:Dv = % (6yd>(9yfl) — igyvgaﬁaaaﬁq) - gHVV(CD)) + E ((9,,(9,,CI) - g,lyl:l@) N

(Tuv + T3,

1 dw
- &7 - h.000
50@)+3 | do *

Einstein frame
V.TH =k(@)T0,¢. Guy =8nG (Tyy + T/?V)’

od

dU(®) ]

1 1 @
T;?v = (aﬂ¢aV¢ - ig,uvg 'B6aaﬁ¢ - gﬂvv(¢)) ,

4n
O¢ = —4nG.k(¢)T + dd% with k(¢) = dl”(df;(@).
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Equilibrium solutions
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Mass-radius relations for rotating stars in MST. Computed using a
modified version of the RNS code.
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JBSSN:Set theory

Theory is determined by w(®), related to the Einstein frame

by:
1 (omA(p))? oo L
20(P) +3 dp ’ T A2(p)
1 2 _1
A — ,3Po0® +ao¢, /2= -
(¢) € w(¢) + / 2ﬁ0 1n662/2¢
For SF:
mae, Bo, @o
For NS:

rotation rate, central density, EOS

In order to evolve we implement the BSSN formalism in
Jordan frame using the Einstein Toolkit infrastructure.
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Initial configuration
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Density and normalized scalar field. The dashed line represents the
surface of the star and the dotted one the SF wavelength
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Collapse

me=0.01M3', Bo=—5.0
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Central density, lapse and scalar field for a scalarized star on the
onset of instability before being perturbed and after collapsing.
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Gravitational waves

Time Domain (m = 0)
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Tensorial gravitational wave
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Breathing and Longitude modes

Breathing modes : h5 = 2a¢¢

Longitude modes : hL = (%) h2

o(t,r) = rp and w, is characteristic frequency
© FFTtoget d(w,rex)

® () - 4

® inverse FFT to get o (z,r) using stationary phase
approximation

\/S_o=cF(9,¢)A(f)ao(1—(%)2) — ey
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Scalar radiation
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Scalar field extracted at different radii.
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Strain and SNR

10-2 SNR vs Time for Different Detectors
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Scalar radiation: SNR can reach up to ~180 after 10000 years
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Strain and SNR
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Scalar radiation.
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Conclusions

* The collapse of NS in MST can generate detectable scalar
radiation

* There can be at least 1-3 events like this every 10* years**,

e |f this radiation is not detectable then the parameters in
the theory can be constrained.

® Ongoing work: Study different rotation rates and EOS
and understand their effect on the signal

** arxiv/1806.07267, arxiv/1610.02402
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