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Bondi accretion

Accretion onto a small black hole at the center of a neutron star
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Motivation

Hyperboloidal slice to know mass of system

- CMC M #0
— CMC M =0

Peterson et al. Phys. Rev. D 110 (2024)
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Neutron star
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Polytropic neutron star

Setup on Cauchy slices

Line element:

d3? = —e*Dqi2 + Mg 4 72do?
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Polytropic neutron star

Setup on Cauchy slices
Line element:
d3? = —e"Vdi? + M di? + 72do?

TOV equations (assuming perfect fluid):

Om(F) = drip(F)  — M) = (1 - 2””;(@)_1

m(r)

Orv(7) = 2 ( + 47rfP(f)> (1 -

,’22

0 P(F) = — 5 (P() + p(7) ()
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Polytropic neutron star

Setup on Cauchy slices
Line element:
d3? = —e"Vdi? + M di? + 72do?

TOV equations (assuming perfect fluid):

Om(F) = drip(F)  — M) = (1 - 2””;(@)_1

m(r)

Orv(7) = 2 ( + 47rfP(f)> (1 -

0 P(F) = — 5 (P() + p(7) ()

Polytropic equation of state: P(7) = K[p(7)]"
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Polytropic neutron star

Neutron star profiles
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Neutron star
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Hyperboloidalization

Choice of hyperboloidal slice

Hyperboloidal time: t = t + h(F)

dal neutron nd black hole in sph
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Hyperboloidalization

Choice of hyperboloidal slice

Hyperboloidal time: t = t + h(F)

Constant-mean curvature slices: K = ——* Oq (\/—g ﬁ“) = constant

1

D

evh' 1 ~ _
er—e

= int(r),

Hyperboloidal neutron star and black hole in spherical symmetry Alex Vano-Vinuales



Neutron star
@000

Hyperboloidalization

Choice of hyperboloidal slice

Hyperboloidal time: t = t + h(F)

Constant-mean curvature slices: K = ——* Oq (\/—g ﬁ“) = constant
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Boost:

e ()
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Hyperboloidalization

Boost function
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Hyperboloidalization

Rescaled boost function
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Hyperboloidalization

Penrose diagrams
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Compactification

Compactification by imposing conformal flatness

T

Compactification: 7 =

jo]
X

3
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Compactification

Compactification by imposing conformal flatness

T

Compactification: 7 =

jo]
X

3
Ny

Impose:

Yo = (1 - W) h _ () (h'(i))Z ((2-9@)2 .

2
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Compactification

Compactification factors
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Neutron star + black hole

Procedure

@ Solve TOV for NS on a Cauchy slice
@ Express it in isotropic form

® Add BH in isotropic form

@ Solve Hamiltonian constraint

@ Hyperboloidalize

@ Compactify

dal neutron nd black hole in sph



Neutron star + black hole
@000

Superposition

Transforming to isotropic radius

Want to add contributions as

wszS_FwBH_F(Sw

with
d5? = —fdi* + * (di* + F*do?)

@ 1)ys determined from numerical solution

@ Ypy = TpH

@ 1) to solve the Hamiltonian constraint for
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Superposition

Addition of conformal factors
1.0 T T T T T T T T T T T T T T T T T T T T T
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Neutron star + black hole
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Superposition

Addition of conformal factors (logscale)
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Superposition

Neutron star + black hole
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Misner-Sharp mass

0.3} 1
§ § 0.2 :
E £
Misner-Sharp mass NS+BH 0.1- — Misner-Sharp mass NS+BH
0.05} _ ]
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Left: mpy = mys/3
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Solving Hamiltonian constraint

Setup
Following [3]

Ap = =2m°p using p=v"p
Set
A7J’Ns = *27T¢1§15PN57 A7/JBH =0, p= wgsmpNS

Solve with m = —6

Ay

54+m
2T pns <w1is - (¢NS . ¢]j;17\711: 5¢) ) 7

D260 1+ 20,60 = 2mps <¢5 _ U5 )
" T NS (d)NS + wBH + 677[}) 7

assuming 09 ~ A/7 at NS’s surface.
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Neutron star + black hole
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Solving Hamiltonian constraint

Convergence
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Neutron star + black hole
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Solving Hamiltonian constraint

01 solutions for small BH
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Neutron star + black
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Solving Hamiltonian const
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Left: Richards, Baumgarte and Shapiro. Phys. Rev. D 103.10 (2021), right:
this work.
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Transforming to areal radius

Radial transformation

di? = y* (di? + 72do?) = gi7 di* + 72do?,




Neutron star + black hole
{ Jele]e]

Transforming to areal radius

Radial transformation

di? = y* (di? + 72do?) = gi7 di* + 72do?,

Difficulty: g7 changes sign at the horizon.




Neutron star + black hole
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Transforming to areal radius

Outside/inside of horizon of BH — 7 = (1 + T;L—jf)g r

2.0F ====- Complex part of + solution = TBH

----- Complex part of — solution == TBH
1.5 ‘

Real part of + solution

Real part of - solution
1.0
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Neutron star + black hole
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Transforming to areal radius

Metric deformation
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Neutron star + black hole
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Transforming to areal radius

Comparison of effect of BH masses
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Hyperboloidalization

Determine boost

Choose
iw=——=—f(r)

rr

d black h
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Hyperboloidalization

Determine boost

Choose

Introduce in

(KCMCF + CCMC)

FEN ) + (Kot + G




Neutron star + black hole
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Hyperboloidalization

Determine boost

Choose

Introduce in

(KCMCF + CCMC)

FEN ) + (Kot + G

Tune value of Cqyc for boost to diverge at trumpet.
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Hyperboloidalization

Penrose diagram
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Neutron star + black hole
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Compactification

Compactification factor
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Neutron star + black hole
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Compactification

Compactification factor — log scale
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Compactification

Ready as initial data for evolutions
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Further work
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Future plans

In spherical symmetry:

e Evolve NS initial data (Einstein + relativistic Euler)
e Evolve perturbed NS

e Bondi accretion: evolve NS + small BH initial data

Beyond spherical symmetry:

e Hyperboloidalize superposition of bodies in different locations
e Evolve 3D perturbed NS
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Creation of conformal Carter-Penrose diagrams

Integration of the height function

h(ry/r
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Creation of conformal Carter-Penrose diagrams

Tortoise-like coordinate

Express metric as:  d§* = 2% (—dt? + d7?) = —E*dudd

e (7)

For NS:  d3? = (") (—df? + d?) with dF, = o dr




Creation of conformal Carter-Penrose diagrams

Tortoise-like coordinate

Express metric as:  d§* = 2% (—dt? + d7?) = —E*dudd

For NS:  d3? = (") (—di? + di?) with d7, = \/ S5 dF

Usual compactification along null directions:

U=t—7.,  V=t+7,
U = arctan U, V = arc tanV
V+U V-U
T: =
2 R 2
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Creation of conformal Carter-Penrose diagrams — with BH

Tortoise-like coordinate dr, = +=

2.0 -_ T T T T T T T T T T T T T T T T T T T T I_—
1.5F .
1.0F .
0.5F .
= } —— NS+BH+6y
0.0
r - \/ . T NS surf
-05¢ o Fan ]
-1.0f .
| | | L L | | |
0.0 0.2 0.4 0.6 0.8 1.0

=~

Alex Vano-Vinuales



	Introduction
	Motivation

	Neutron star
	Polytropic neutron star
	Hyperboloidalization
	Compactification

	Neutron star + black hole
	
	Superposition
	Solving Hamiltonian constraint
	Transforming to areal radius
	Hyperboloidalization
	Compactification

	Further work
	Appendix
	Creation of conformal Carter-Penrose diagrams
	Creation of conformal Carter-Penrose diagrams – with BH



