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Mimicking Black Hole mimickers



Inspiral Merger Ring-
down

— Numerical relativity

Reconstructed (template)
I




Black Hole Mimickers

 Compact Objects similar to black holes from the

gravitational point of view:
1
z 0.1 CBH Z 5

* No horizon
 Merger can lead to a BH or object of same nature

« Example: Boson Stars



Boson Stars

« Scalar field solution of Einstein-Klein Gordon equation
 Example: Massive Boson Stars:

R 1 1 1
_ g . N 17 % T2 2 = 4
S /d T/ —g {1671’ 29 0,90, @ 2m¢\¢| 4)“¢|

0.10 GeV \~ 1/2 Colpi, Shapiro
Moz = ( Mg ) A M@ Wasserman (PRL 1986):

» Self interaction increases mass and compactness
C <0.3
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Toy M Od e I Toy Model for the

Intermediary phase

— Co=— (Takami, Rezzolla, Baiotti
Phys. Rev. D 2015)




Settings

* 4 free parameters related to the equation of state of the
initial bodies:
-m( M = 2mg —m assuming mass conservation)
- R
- Spring constant: k k., po

- Length at rest: 2p9 =
J P Softer Stiffer

e |Initial conditions:
,O(O):R—’I“() E(O):Ec

a=0: ”"Boson Star”
#(0) = o J(0) = o {

a =1 : ”"Neutron Star”



Evolution of the system

» Effective particle in an effective potential:

Vet = chentrifugal + Vgravita,tional =+ Vvspring

» Adiabatic evolution over one period:

assuming non perturbed

¥

: Computed with
b =— < Fraq > I quadrupole formula
J equations of motion






End scenarios:

m 4 M (2)°
. Compactness: C, = £ = (%)

P P
1
Cp Z A _
) Black mpH = My
Hole J
Jz — Jc ABH — _102
s
BH
mimicker
binary
= _ “Neutron
1 Star”
Cp < 5
>
J. =0 “Boson




it ] i
Co=3

Equilibrium




Full signal

* Inspiral: IMRPhenomD_NRTidal until few = 2f.

* Toy model computed with quadrupole formula




Full signal

* Inspiral: IMRPhenomD_ NRTidal until few = 21]"61

« Matching in amplitude and phase for At= 57

* Toy model computed with quadrupole formula




Full signal

* Inspiral: IMRPhenomD_NRTidal until few = Qifcl
» Matching in amplitude and phase for At= 57,
* Toy model computed with quadrupole formula
* If final state is BH, attach ringdown as

iIn Damour and Nagar (Phys. Rev. D 2014) with
QNMs from Berti et.al (Class.Quant.Grav 2009)

* Flexibility for different end behaviours
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Post — merger
Post — merger
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Post — merger

Post — merger




Post — merger




Data analysis

* Inner product: (d|kh) =4R (/ A

~

* Signal to Noise Ratio (SNR): (h|h)

* |s the post merger signal detectable?
* |s the signal distinguishable from a GR BH?






Distance | Black Hole
10 Mpe
100 Mpe




ok

GW150914
GW150112
GW151226
GW170104

GW170608
GW170729
GW170809
GW170814
GW170818
GW170823




Distinguishability

(d|h) d : BH mimicker signal
v/ (d|d)(h|h) h: GR BH template

* Fitting factor: FF = maxy

® M1 = My = 15M® |n Advanced LIgO SNRpm = SNRinspiral
 Maximimizing over time phase and intrinsic

parameters:
Black Hole “Boson Star” “Neutron Star”
FF = 0.85 FF =0.8 FF =0.63

my = 32Mg a1 = 0.08 my =29Mga; = —0.17 m1 = 29Mg a1 = —0.13
ma = 7M@ as — 018 Mo — 8M® a9 — 036 mo — 8M@ a9 — 010



Summary:

 Phenomenological model for BH mimickers waveforms
 Main difference is post merger signal
* Could already be seen in current detectors

* Next steps:




Numerical integration

- B p P+ — P-—
® : ,0 — e —
Define 1 + e cos(x) o0 + p_
P+ T P-

° oL, p_, p3, ps, ps are the roots of E—Veg =0

: k (1 + ecos e e T
Sothat, %-2y/ELLeem flo e alleo



Massive Boson Stars

R 1 1 1
_ 4 — O v _ 2 2 _ 4
S = /d T\ —¢g {—1671' 29 0,0, @ 2m¢’¢| 4)"¢‘ }

* Colpi, Shapiro, Wasserman (PRL 1986):
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Post — merger
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Post — merger
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