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Jordan frame (Physical frame):

𝑆Jordan =

∫
𝑑4𝑥

√︁
−𝑔

[
1

2𝜅2
𝐽

𝐹 (𝜙)𝑅 − 𝑍 (𝜙) 1
2
𝑔𝜇𝜈∇𝜇𝜙∇𝜈𝜙 − 2𝑈 (𝜙)

]
+ 𝑆matter (Ψmatter, 𝑔𝜇𝜈)

Einstein frame (Mathematically convenient frame):

𝑆Einstein =

∫
𝑑4𝑥

√−𝑔
[
1

2𝜅2
𝑅 − 1

2
𝑔𝜇𝜈𝜕𝜇𝜙𝜕𝜈𝜙 −𝑉 (𝜙)

]
+ 𝑆matter (Ψmatter, 𝐴

2 (𝜙)𝑔𝜇𝜈)

Both frames are related by treating 𝐹 (𝜙) as a conformal
factor and defining 𝐴(𝜙) = 𝐹1/2 (𝜙), such that:

𝑔𝜇𝜈 = 𝐴−2 (𝜙)𝑔𝜇𝜈 , 𝑇𝜇𝜈 = 𝐴2 (𝜙)𝑇𝜇𝜈
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Jordan and Einstein frame

2/13 José Carlos Olvera M. Simulating NS in STT



Jordan frame

∇𝜇𝑇
𝜇𝜈 = 0. 𝐺𝜇𝜈 =

8𝜋𝐺

Φ
(𝑇𝜇𝜈 + 𝑇Φ

𝜇𝜈),

𝑇Φ
𝜇𝜈 =

𝜔(Φ)
4𝜋Φ

(
𝜕𝜇Φ𝜕𝜈Φ − 1

2
𝑔𝜇𝜈𝑔

𝛼𝛽𝜕𝛼𝜕𝛽Φ − 𝑔𝜇𝜈𝑉 (Φ)
)
+ 1

4𝜋

(
𝜕𝜇𝜕𝜈Φ − 𝑔𝜇𝜈□Φ

)
,

□Φ =
1

2𝜔(Φ) + 3

[
8𝜋𝑇 − 𝑑𝜔

𝑑Φ
𝜕𝑐Φ𝜕𝑐Φ + 𝑑𝑈 (Φ)

𝑑Φ

]
.

Einstein frame

∇𝜇𝑇
𝜇𝜈 =𝑘 (𝜑)𝑇𝜕𝜈𝜑. 𝐺𝜇𝜈 = 8𝜋𝐺 (𝑇𝜇𝜈 + 𝑇

𝜙
𝜇𝜈),

𝑇
𝜙
𝜇𝜈 =

1

4𝜋

(
𝜕𝜇𝜙𝜕𝜈𝜙 − 1

2
𝑔𝜇𝜈𝑔

𝛼𝛽𝜕𝛼𝜕𝛽𝜙 − 𝑔𝜇𝜈𝑉 (𝜙)
)
,

□𝜙 = −4𝜋𝐺∗𝑘 (𝜙)𝑇 + 𝑑𝑉𝜙

𝑑𝜙
, with 𝑘 (𝜙) = 𝑑ln (𝐴(𝜙))

𝑑𝜙
.
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How are both frames related?
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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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Equilibrium solutions
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Theory is determined by 𝜔(Φ), related to the Einstein frame
by:

1

2𝜔(Φ) + 3
=

(
𝜕ln𝐴(𝜑)

𝜕𝜑

)2
, Φ =

1

𝐴2 (𝜑)

𝐴(𝜙) = 𝑒
1
2
𝛽0𝜙

2+𝛼0𝜙 , 𝜔(𝜙) + 3/2 =
−1

2𝛽0 ln 𝑒𝛿
2/2𝜙

For SF:
𝑚Φ, 𝛽0, 𝛼0

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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JBSSN:Set theory
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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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Initial configuration
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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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Collapse
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Gravitational waves
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Breathing modes : ℎ𝐵𝜑 = 2𝛼0𝜙

Longitude modes : ℎ𝐿𝜑 =
( 𝜔∗
Ω

)2
ℎ𝐵𝜑

𝜎(𝑡, 𝑟) = 𝑟𝜑 and 𝜔𝑐 is characteristic frequency
1 FFT to get 𝜎̃(𝜔, 𝑟𝑒𝑥)
2 Ω(𝑡) = 𝜔𝑐𝑡√

𝑡2−𝐷2

3 inverse FFT to get 𝜎(𝑡, 𝑟) using stationary phase
approximation

√︁
𝑆0 = 𝑐𝐹 (𝜃, 𝜙)𝐴( 𝑓 )𝛼0

(
1 −

(𝜔∗
Ω

)2)
→ 𝜌 ∼

√︂
𝑆𝑜

𝑆𝑛
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Breathing and Longitude modes
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Scalar field extracted at different radii.
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Scalar radiation
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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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Strain and SNR
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• The collapse of NS in MST can generate detectable scalar
radiation

• There can be at least 1-3 events like this every 104 years**.
• If 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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Conclusions
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