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FROM GR TO ST - ACTION

In scalar tensor theorywe set c=G=1

ST Action :
S = [ dx\/=GIEELR — 19"(9,9)(9up) — U(0)] + S, Gy

conformal transformation :

g _Fg,tl,l/7@_\/4/:2+4ﬂ-6

Coupling function :

F(qﬁ) = e(—2ao(¢—¢o)—ﬁo(¢—¢o)2)7 ap = — alnF

1 1
§_¢7 BO - 737 GBI

Potential of massive scalar field
2 42
V(p) = %% + A@*  (we have some discussion with Pro. Geng and Dr. Luo)

Source: "Numerical simulations of stellar collapse in scalar-tensor theories of gravity”, Davide Gerosa, Ulrich Sperhake,Christian D. Ott, 3



FROM GR TO ST - THE LINE ELEMENT

restrict the equations of motion to spherical symmetry in radial-gauge,
polar-slicing coordinates

GR:

ds? = —e?2dt? + (W)dr2 + r2dQ?
ST:

ds? = —a?dt? + —L_dr? + 2dQ?

F(r 2m

Source: "Numerical simulations of stellar collapse in scalar-tensor theories of gravity”, Davide Gerosa, Ulrich Sperhake,Christian D. Ott,

arXiv, 1602.06952.



TOV ODES IN GR

In static equilibrium

polytropic EOS : p = (p/K)"/”
specific internal energy : € = (anp
ODEs :

% =—G(p(1+¢/C) +p/C)

I — 4rrip(1+ €/c?)

de _ m+bmrip/c?
dr = r(r—2Gm/c?)
dMpary _ 4rr’p
dr 26m
\/1_ rc2

Source: "https:/ /en.wikipedia.org/wiki/Tolman




MobDIFIED TOV ODES IN ST

polytropic EOS : p = (p/K)'/T

Coupling function : F = e(=200(¢=¢0)=Bo(¢—0)’)
derived from enclosed mass : X = (F(T’Zm))?
specific internal energy : e = £ "1~

h=1+¢+ %

ODEs :

dd> _ Fx2( + 47rl’ + ZfFUZ)

ddr? 47Tr2p 7

g2 — phFx2( + 4ard + L) + ph52Xy
d¢> — Xn

%1 _ _Zﬂ _ zﬂxﬂl-‘ — nFXZ( + 47TI’ + Z—rFﬁ2) + X2FF¢772

Source: "Numerical simulations of stellar collapse in scalar-tensor theories of gravity”, Davide Gerosa, Ulrich Sperhake,Christian D. Ott,

arxiv, 1602.06952. 6



COMPARE ST WITH GR IN PYTHON

This result confirms that GR is recovered from ST for
¢ = 0 (F=1), as a trivial limit of the ST TOVs.
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Figure: scalar field ¢ = 0, pst = por



DIFFERENT INITIAL CONDITIONS
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DIFFERENT INITIAL CONDITIONS
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MOoODIFIED GR1D

- Simulate stellar collapse
- Parameters:

- the mass of the scalar field

- X :acoupling constant for the self-interaction

o, Bo : parameters for the coupling function F(¢)

- T4, : adiabatic indices for subnuclear, supranuclear
polytropic EOS

- Ty - the thermal adiabatic index for the thermal part
pressure which models a mixture of relativistic and
non-relativistic gas

Source: "A New Open-Source Code for Spherically-Symmetric Stellar Collapse to Neutron Stars and Black Holes",Evan O’Connor, Christian

D. Ott, arXiv, 0912.2393.

"Long-lived inverse chirp signals from core collapse in massive scalar-tensor gravity”, arXiv, 1708.03651 [gr-qc], PhysRevLett., 119.201103



DYNAMIC NUMERICAL SIMULATION

Different «ayg, 8o can also cause some little variation of mass.

Profile 1|Profile 2 |Profile 3 |Profile &4

p(g-cm=3) 1€ 1e'0 2e' 2e™
Qg 0.01 0.0001 0.01 0.0001
5o —20 —4.35 —20 —4.35

m (Mg) [1.4326(7)1.4329(3)[1.4260(3)1.4263(0)

Table: The energy of the massive scalar field in this study is 3 « 10~ eV
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SPONTANEOUS SCALARIZATION
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GRAVITATIONAL WAVEFORM

The monopole scalar wave in ST: h(t) = Zaor(¢ — ¢o), where D is the

distance between the detector and the source.
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Figure: The emitted monopole gravitational waveform is take as h(t) « r¢.
Also, the Iy is 1.35.



SUPPRESSION OF MASSIVE SCALAR FIELD

Reduce the amplitude of the scalar field, GW signals and memory effect.
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Figu re: The scalar field ¢(r, t) is at center of star and waveform r¢ are extracted at 5 10° (cm).

Source: "Numerical Studies on Core Collapse Supernova in Self-interacting Massive Scalar-Tensor Gravity”,Patrick Chi-Kit Cheong, Tjonnie

Guang Feng Li,arxiv: 1812.04835[gr-qc]
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CONCLUSIONS

- Matter of star has some connections with scalar field.

- Spontaneous scalarization and the monopole
gravitational waves occur in stellar core collapse.

- The compact degree of star can accelerate
spontaneous scalarization.

- Self-interaction of massive scalar field suppress
spontaneous scalarization and amplitude of GW signals
and memory effect.

- LIGO-VIRGO detection and other ongoing process.
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