Numerical modelling of compact static stars in Minimal
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Minimal Dilatonic Gravity (MDG)

We change the Einstein-Hilbert Action: Ag = [ 5-(R — 2A)\/—g d*x to

/ Fiziev, Mod. Phys. Lett. A, 15 1077 (2000) and Fiziev, PRD 87, 044053 (2013)/

c
Ago = ﬂ/c/“x g|(®R — 2AU(P))

Here ® € (0,00), U(0) = U(o0) = oo, U(P) > 0, Upe > 0
(k = 87Gpy/c?).

The scalar dilaton & leads to variable gravitational constant
G (®) = Gn/®, while the scalar potential U(®) leads to a variable
cosmological factor A (®) = AU(®).
The field equations are:/ k = c = 1,R = 2AU,o(®), p = VAL/cme/:
U(®d) = &> + 1—36p*2(¢ —1/0)?
Ob + 2/3(dU.o(P) — 2U(P)) = 1/3T (1)

ORP = _V.VAD - TP



Credit: Fiziev, Physical Review D 87, 044053 (2

(e) Unique Einstein Vacuum and (f) Unique Einstein Vacuum and
many deSitter vacuums: U oo > 0 unique deSitter vacuums:

U<M> > 0, Vq>q> >0
V(&) = / (OU.o(®) — 2U())dd

Vo(P) =2/3(dUo(P) — 2U(P))

To avoid conflict with existing solar system and laboratory gravitational
experiments: me ~ 1073eV//c? (A < 1072cm or p < 10731)



The equations, following Fiziev, PRD 87, 044053 (2013)

We apply the field equations on a static, spherically symmetric metric:
ds?2 = e¥(Ndt2 — M dr2 — 2dQ2 for TH = diag(e, p, p, p),
(perfect-fluid)

Our equations are:

Where:
Ar3 m + 47r3pege [
dm A—r—2m—l =TT Peff/ ™
7—47” €eff/¢ r m 3’ A—27r3pgy /D
dp  p+em+Anripes /P Ceff = € o+ €n,
dr A —27wr3py /P Peff = P+ Po =+ pA
A
do - _ =
v b/ = g (U(®) ~ 30)
D) e=¢€(p)
%: 3r— 7m—f/\r +47r Eeff/¢ — *€q> A
dr rA 3 en=—pr— —,
127
dv  m+4rripeg /O 1 A
av._ M T ATE Peff/ ¥ _ Po
dr = A —2nr3pe/® €¢—P*§6+§V'(¢)+7ﬂ

We have 4 unknown physical quantities : m(r), p(r), ®(r), po(r).



Initial and boundary conditions:

We have 3 different domains: inside the star (p = 0), inside the dilasphere
(po» = 0) and to the end of the Universe (A = 0).
1. For the inner domain r € [0, r,]:

m(0) = mc = 0, p(0) = pc, ®(0) = b,

Po(0) = poc = g (@ - pc> - &V’(%)

On the star’s edge (p(r*) = 0) we have

m* — m(r*; pC7¢C)7 (D* — ¢(r*7pC7¢C)7p2Ik> — p¢C(r*7pC7¢C)

2. For the outer domain r € (r., ra) : a boundary value problem for ®:

p=0e=0bp =1
3. At r = rp = 10%2km, we recover GR: ® =1, U($) =1



This is a boundary value problem: find ®(0) = ®. such that on r = ra
we have ¢ = 1.
Three different scales: Ao € (10~3cm, 10%®cm), r, =~ 105cm, ra ~ 10%8cm.
Numerically this defines a very stiff system.
Code based on COCAL : Compact Object CALculator (Tsokaros et al.
(2014)
Special treatment for stiff systems:

@ Integrator: ODEPACK routines Isode and Isoda

@ Arbitrary-precision algebra: MPFUN

@ Shooting method

o Adapted variables: ® = exp(exp(¢ — 1)) and iy = InF,

We need to reach p < 1073% and r, = 1/v/A = 10%%km.
So far we have reached p ~ 1023,



The results for some simple equations of state

Polytropes with v =5/3, p0 = le + 15,p = 1le — 18 :

Polytropes:
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The results for some simple equations of state

Polytropes with v =5/3, p0 = le + 15,p = 1le — 18 :
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The results for some simple equations of state

Polytropes with v =2, p0 = 1le + 15 :
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The dependence of the dilaton mass
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The complete picture for NS for different EQS, dilaton mass
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The mass of the dilasphere with respect to the mass of the

star
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It is work in progress!

Thank you for the attention!
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